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SOURCES OF REPORTS OF VISUAL AND AUDITORY 


SENSATIONS IN PERCEPTUAL- 
ISOLATION EXPERIMENTS? 


MARVIN ZUCKERMAN anp NATHAN COHEN 


Research Laboratories, Division of Endocrinology and Reproduction, Albert Einstein 


Medical Center, Philadelphia, Pennsylvania 


The review analyzes the experiments on perceptual isolation with special 
reference to the phenomena of reported visual and auditory sensations. 
Variables analyzed include: methods of confinement and restriction, con- 
ditions of illumination, duration of isolation, set, instructions and sug- 
gestions, reporting or verbalization instructions, sleep, subject populations, 
prior knowledge and expectations, intelligence and personality character- 
istics of Ss, stress response, and methods of obtaining reported visual and 
auditory sensations. The relevance of some of the findings to physio- 
logical, psychoanalytic, cognitive, and social psychological theories of per- 
ceptual isolation are discussed. Variables which seem important in the 
phenomena discussed are set, verbalization instructions, S’s alertness, and 


E’s methods of obtaining responses. 


_ The unexpected reports of hallucina- 
tions in the first perceptual-isolation re- 
Port (Heron, Bexton, & Hebb, 1953) 
fascinated clinicians, theoreticians, and 
€xperimentalists, and stimulated wide- 
neg interest in other responses to iso- 
(Flaky, From the reports at symposia 
L „aaerty, 1961; Solomon, Kubzansky, 
eiderman, Mendelson, Trumbull, & 
Wexler, 1961; West, 1962) and reviews 
of the area (Fiske, 1961; Kubansky, 
1961), it is apparent that a decade after 
th e original study the sources of varia- 
tion in reports of hallucinatory-like 


b * This investigation was supported in whole 
M Public Health Service Research Grant 
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Institute of Mental Health. 
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ining their raw data. 


phenomena are still unknown. The rea- 
sons are the lack of comparability of 
conditions, subjects (Ss), and pro- 
cedures used by the different experi- 
menters (Es), as well as the lack of 
agreed-upon criteria for the response 
variables. The purpose of this paper 
will be to relate the situational, subject, 
and response variables in studies to the 
reported incidences of visual and audi- 
tory sensations. Reported auditory 
sensations will be less thoroughly ana- 
lyzed because of the lack of data on this 
in many studies and for reasons which 
will be discussed later. ’ 
The variation in terminology in this 
area is symptomatic of the disagreement 
about the crucial variables in the com- 
plex experimental situation. The situa- 
tion has been called “sensory depriva- 
tion,” “decreased sensory variation, 
“sensory isolation,” “sensory alteration, 
“reduced sensory input,” “physical iso- 
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lation,” “perceptual deprivation,” and 
“perceptual isolation.” In general, the 
situations isolate S under conditions 
which prevent or reduce patterned or 
meaningful perceptions. . 

The response phenomena in which we 
are interested are called “hallucina- 
tions” by some and “images” by others. 
We prefer the operational terminology 
of Murphy, Myers, and Smith (1962) 
who call the visual phenomena “reported 
visual sensations.” In this article we will 
use the abbreviation “RVS” for reported 
visual sensation and “RAS” for reported 
auditory sensation. 

The RVSs may vary in structuredness 
and meaningfulness from flashes of light 
to complex integrated and animated 
scenes. Several systems of classification 
have been suggested. For the purposes 
of this review we grouped the RVSs 
into two categories based primarily on 
their “meaningfulness”: A, Meaning- 
less (e.g., flashes of light, spots, geo- 
metric forms )—including Vernon, 


McGill, and Schiffman’s (1958) Types 
I and II; 


; Murphy and his associates’ 
(1962) Types 1 and 2; and Zuckerman, 
Albright, Marks, and Miller’s (1962) 
Types a, b, and c; B, Meaningful (e.g., 
objects, people, scenes )—including 
Vernon’s Type III, Murphy’s Types 3 
and 4, and Zuckerman’s Types d and e. 
We believe that the term “hallucina- 
tion” should only be applied to the B 
phenomena since the A phenomena may 
include simple idioretinal responses or 
illusions while the B phenomena seem 
to signify a greater cortical involve- 
ment. 

The RASs were similarly classified 
for this review. The A category includes 
the various first-order interpretations 
of the “noise” described in Zuckerman 
and his associates’ (1962) Category a, 
The B includes the sound of human 
voices, presence, or music described in 
Categories b and c. 
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It was difficult to obtain the break- 
down of the RVSs and RASs in many of 
the published studies because the authors 
did not classify them, or in some cases, 
tell the reader how many of their Ss re- 
ported such sensations. Certain other 
crucial information, such as the instruc- 
tions or sets given the Ss, was lacking 
in some publications. Because of these 
deficiencies we sent out forms to the 
chief investigators in this area asking 
for specific information about experi- 
mental conditions and frequencies of Ss 
reporting the A and B types of RVSs 
and RASs. Unfortunately, not all of 
our inquiries were returned and some in- 
vestigators no longer had access to their 
data so that some studies had to be 


eliminated or used with partial informa- 
tion. 


RVSs 


Only three of the studies failed to find 
at least one § giving an RVS. Two of 
these three studies were from the series 
of experiments by Vernon, Marton, and 
Peterson (1961). Six studies failed to 
find Type A RVSs and four of them 
were from the studies by these authors. 
Eleven studies failed to find Type B 
RVSs and 4 of these were from the 
aforementioned Princeton group. The 
six experiments reported by this group 
utilize a range of experimental condi- 
tions and sets so that the paucity of 
“hallucinators” js difficult to explain. 
However, these Es used more stringent 
criteria for defining hallucinations than 
most other Es which may account for 
the difference between their results and 
those of others. Using the median pet” 
centages within 8toups reporting classifi- 
able RVSs we fing 43% of Ss giving 


Type A RVSs and 19% givj B 
> giving Type 
RVSs. ne 
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Method of Confinement and Restriction 
of Motility 


Four general methods of confinement 
have been used: (a) the S is confined 
On a chair, (b) the S is confined on a 
bed or mattress, (c) the S is confined in 
a tank-type respirator like those used for 
poliomyelitis patients, (d) the S is 
suspended in a tank of water. 

The four groups where Ss were con- 
fined in a chair (Cohen, Rosenbaum, 
Dobie, & Gottlieb, 1959; Goldberger, 
1961; Silverman, Cohen, Shmavonian, 
& Greenberg, 1961) yielded practically 
no Type B RVSs. Two of these groups 
were run in darkness and two in diffused 
or subdued light. The periods of con- 
finement were short, ranging from 40 
minutes to 2 hours; but, as will be shown 
later, the period of confinement cannot 
account for the lack of Type B RVSs in 
these groups. 

The results in experiments using bed 
or mattress confinement range from no 
Type A or B RVSs, as in Vernon, Mar- 
a and Peterson’s (1961) first and 

.. 8toups to 57% of the Ss producing 
Type B RVSs in the Goldberger and 
Holt (1958) study. Freedman, Grune- 
baum, and Greenblatt (1961) have 
Pointed out that in five experiments 
where motility was restricted RVSs were 
obtained, while in two experiments 
(Ruff, Levy, & Thaler, 1961; Vernon et 
al., 1961) where motility was free or 
mildly restricted minimal or no RVSs 
were obtained. Ruff et al. (1961) con- 
cede that the lack of restriction on 
motility may account for their lack of 
RVSs. Freedman et al. (1961) postulate 
that the kinesthetic feedback from move- 
ment may interefere with activity in the 
visual modality areas of the brain. This 
hypothesis is similar to Rorschach’s hy- 
Pothesis of an inverse relationship be- 
tween external movement and internal 
fantasy activity as reflected in the per- 


ception of human movement (M) in the 
Rorschach blots. 

Supporting this restricted motility hy- 
pothesis is a significant correlation of 
-68 between S’s immobility and imagery 
in the Goldberger and Holt (1958) un- 
dergraduate group although the correla- 
tion was not significant in their actor 
group (Holt & Goldberger, 1961). Solo- 
mon and Mendelson (1962) failed to 
find differences between RVS and non- 
RYS Ss on ratings of movement during 
the experiments. Bexton, Heron, and 
Scott (1954) observed that while com- 
plex mental activity inhibited RVSs, 
physical exercise or talking to S did not. 
Doane (1955) put goggles on four of 
his Ss but did not restrict their audition 
or motility. Two of these four Ss had 
RVSs and one of them had an RVS 
while being taken for a walk! In his 
total isolation group, Doane found that 
Ss reported increases in RVSs during 
periods of activity or discomfort. Court- 
ney, Davis, and Solomon (1961) varied 
the motility factor by requiring one 
group to make large body movements 
every few minutes while another group 
made small finger movements on the 
same schedule. Both groups were con- 
fined to a bed in diffuse light conditions 
and told to report any images. The same 
number of Ss in each group had RVSs. 
Except for the Goldberger and Holt 
(1958) correlation these results fail to 
support the restricted motility hypoth- 
esis. Doane’s observations even suggest 
the opposite hypothesis, that some move- 
ment may be conducive to RVSs. , 

Vernon et al. (1961) found their 
greatest incidence of Type A RVSs in 
the group that was taken out and led 
down a long corridor to go to the toilet. 
Groups who went to the toilet within 
the isolation room had few RVSs al- 
though some had Type B RVSs which 
were absent in the prior groups. The Ss 
in Goldberger and Holt’s (1958) first 
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study were taken out while Ss in their 
second study (Holt & Goldberger, 1961) 
were confined entirely to the room, but 
both groups had about the same propor- 
tion = se eiae Type B RVSs. The Ss 
in the Bexton et al. (1954) and Doane 
(1955) experiments were taken out and 
both studies had relatively high propor- 
tions of Ss with RVSs. Arnoff, Leon, 
and Brownfield’s (1962) Ss were taken 
out but no RVSs were obtained in the 
study. 

The results do not support the re- 
stricted motility hypothesis or its con- 
verse. It is possible that S’s actual posi- 
tion while in the bed may be more 
important than the amount of occasional 
exercise. A S lying on his back looking 
up may be more likely to produce RVSs 
than a S lying on his side or stomach 
simply because the former posture is 
more closely associated with states of 
restful alertness and scanning while the 
latter postures may be more associated 
with sleep and withdrawal of interest in 
the environment, 

The tank-type respirator restricts 
gross body activity somewhat more than 
a bed although Ss may still flex their 
arms or legs within the respirator. Ex- 
periments by Solomon and Mendelson 
(1962); Davis, McCourt, and Solomon 
(1960) ; Davis, McCourt, Courtney, and 
Solomon (1961); and Zuckerman et al. 
(1962) have used this method of con- 
finement. All of these studies have pro- 
duced some Ss with Type B RVSs, the 
proportions varying from 5% to 42%. 
The lower figure was in the experiment 
by Davis et al. (1961) where husbands 
and wives were confined in adjoining 
respirators. Too much “togetherness” 

appeared to dampen the RVSs in this 
group although pairs of strangers in the 
same situation produced a 30% propor- 
tion for the B type RVS. The groups 
with social as well as perceptual isola- 
tion gave figures 18, 27, 20, and 42%. 


The two studies which suspended Ss in 
a tank of water following the Lilly model 
(Bliss & Clark 1962, also reported by 
Cambareri 1959, Shurley 1962) also ob- 
tained moderate proportions of Ss with 
Type B RVSs (25%, 37%). 

Although the more severe methods of 
confinement seem to produce RVSs more 
consistently the results cannot be defi- 
nitely attributed to kinesthetic feed- 
back. Perhaps some other aspect of the 
more confining situations such as the 
consistent posture of S, his total help- 
lessness, or the more unusual nature of 


these methods of confinement play some 
role. 


Conditions of Illumination 


Three types of visual restriction have 
been used: (a) total darkness; (b) dif- 
fuse light, achieved by semitranslucent 
eyecups or goggles which admit light but 
interfere with patterned form percep- 
tion; (c) subdued light with a homo- 
geneous field, achieved by surrounding 
S with a screen or dome-type Ganzfeld. 
In the latter condition, typical of the 
tank-type respirator studies, the § can 
still see his immediate surroundings and 
parts of his body. 

A number of investigators have varied 
this aspect of the situation within their 
own experiments. Heron (1961) put 
opaque goggles on three Ss who had been 
wearing translucent goggles for several 
days and “hallucinating persistently.” 
When first placed in the dark the RVSs 
appeared more vivid but within 2 hours 
disappeared or were greatly diminished. 
When the translucent goggles were put 
on again the RVSs reappeared. Two Ss 
Were Tun from the beginning with 
Opaque goggles and one of them had 
RVSs. When translucent goggles were 
Placed on both Ss near the end of the 
experiment both reported “vivid” RVSs- 
Freedman and Greenblatt (1960) ran 
10 Ss under darkness and 10 under 


———— 
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diffuse light conditions. The proportions 
of Ss reporting Types A and B RVSs 
were almost identical in the two groups. 
Four Ss were run under both of the two 
conditions: two had RVSs in both con- 
ditions, one in neither condition, and one 
in darkness only. Cohen et al. (1959) 
ran four Ss with blacked-out goggles and 
six Ss with frosted goggles admitting 
diffuse light. Type B RVSs were absent 
in both groups, and Type A RVSs were 
slightly more frequent in the diffuse 
light condition. Ruff et al. (1961) 
found only two Type B RVSs in 63 Ss 
run under varying conditions; one of 
these occurred in a diffuse light, the 
other in a darkness condition. Zubek 
and his associates (Zubek, Aftanas, 
Hasek, Sansom, Schludermann, Wilgosh, 
& Winocur, 1962; Zubek, Pushkar, 
Sansom, & Gowing, 1961) ran one group 
(sensory deprivation) in darkness and 
silence and another group (perceptual 
isolation) with diffuse light and white 
noise stimulation. Fewer Ss reporting 

RVSs were found in the latter group. 
Vernon et al. (1961) reported on 
three groups run in darkness and silence 
Conditions and three groups in diffuse 
light conditions. At the time when the 
first three groups were run (Vernon 
et al., 1958) the authors felt that the 
greater number of Ss with RVSs in the 
Second group was due to a failure in the 
blackout conditions while Ss were being 
taken to the bathroom blindfolded. They 
concluded that nonpatterned visual 
qantlation might be necessary for pro- 
de RVSs, To test this they changed 
Sa diting in the fourth and fifth 
tion introducing diffuse light stimula- 
Baten the fourth group, adding un- 
the one sound stimulation to this in 
Patterned” nro! and adding varying un- 
Panel q; ight stimulation (flashing 
AR isplays) in the sixth group. Type 
three a Were not found in any of these 
ups but a few Type B RVS Ss 


were found in the fifth and sixth groups. 
It is just possible that constant visual 
stimulation may have differential effects 
on the Types A and B RVSs, decreasing 
the former and increasing the latter. 
Davis et al. (1960) tested the hy- 
pothesis that variable nonpatterned 
stimulation might increase RVSs. They 
ran a group similar to Vernon and his 
associates’ (1961) Group VI, in which 
lights were flashed on a random schedule 
and Rorschach cards were flashed on the 
wall for brief intervals. Comparing their 
results with other respirator confinement 
studies it is obvious that they did not 
increase RVSs above the usual percent- 
ages reported in these studies. Vosburg, 
Fraser, and Guehl (1960) ran the same 
Ss in three conditions in successive hours 
during the same experiment: darkness 
and silence, diffuse light and silence, 
“noise” auditory stimulation and dark- 
ness. They found no difference between 
the sound and visual stimulation hours 
in the proportion of auditory or visual 
sensations reported, and only slight dif- 
ferences between the “no stimulation” 
and “stimulation” hours. The authors’ 
failure to classify their RVSs may have 
obscured differences in the specific types 
of RVSs as a function of stimulation. 
Is there any difference in the results 
in groups run in diffuse light conditions, 
where the visual field is entirely limited 
to the homogeneous stimulation, and 
the subdued light conditions where S 
can see parts of the apparatus and his 
own body in the periphery of the field? 
Goldberger (1961) found fewer RVSs in 
a Ganzfeld situation than in Goldberger 
and Holt’s (1958) diffuse light per- 
ceptual-isolation group. However, the 
former group was in a different confine- 
ment condition (sitting) and was ex- 
posed to the visual restriction for a 
much shorter period of time. The sub- 
dued light conditions in the Solomon and 
Mendelson (1962), Davis et al. (1960, 
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1961) respirator confinement experi- 
ments have produced RVS incidences 
comparable to the typical results of the 
diffuse light and darkness condition 
groups. Zuckerman and his associates’ 
(1962) respirator confinement group 
was run in darkness and it produced 
only a slightly higher incidence of Type 
B RVSs although the difference in the 
Type A RVSs was considerably higher. 
Again this points to the possibility of 
darkness affecting the Type A RVSs 
more than the Type B RVSs. Pollard, 
Uhr, and Jackson (1963a, 1963b) ran 
one group where the total field was 
restricted by goggles admitting diffuse 
light and another group restricted by a 
dome (subdued light). A slightly higher 
incidence of both types of RVSs was 
found in the dome group, but the dif- 
ferences are certainly not significant. 
It is sometimes assumed that the lack 
of visual restriction will result in no 
RVSs. This assumption about the base 
line for RVSs may be fallacious. It 
overlooks the role of immobilization and 
spontaneously occurring RVSs taking 
place in everyday life. Jackson and 
Pollard (1963) found that 23% of a 
group of Ss responding to a question- 
naire reported unusual visual experi- 
ences in their history. We do not know 
how many of these may have occurred 
in conditions of partial isolation, Zuck- 
erman, Levine, and Biase (1964) ran 
a control group confined to the isola- 
tion chamber without visual restriction 
and 23% of Ss reported at least one 
Type A RVS. None reported Type B 
RVSs, although these were reported in 
groups run in darkness, and darkness 
with sound. Zubek et al. (1962) found 
that 8% of 40 Ss in a recumbent-control 
group, who were not visually restricted 
except by their position, reported Type 
A RVSs. This is not significantly dif- 
ferent from the 10% reporting Type 
A RVSs in their diffuse-light group, but 


it is significantly different than the 56% 
in their prior-darkness group. In a later 
study (Zubek, Aftanas, Kovach, Wil- 
gosh, & Winocur, 1963) on the effects 
of more severe immobilization without 
perceptual isolation, they confined Ss to 
a foam-rubber lined coffinlike box and 
found that 13% of their 40 Ss reported 
Type B RVSs. However, four of these 
five RVSs occurred during the quiet of 
the evening when the lights were turned 
down low so that some degree of per- 
ceptual isolation was in effect. RVSs 
have been found in poliomyelitis pa- 
tients confined in respirators under simi- 


lar conditions (Mendelson, Solomon, & 
Lindemann, 1958). 


Duration of Isolation 


The isolation periods range from 30 
minutes for the Murphy et al. (1962) 
control group to 2 weeks for the three 
heroic Ss in the Zubek, Welch, and 
Saunders (1963) EEG study. The mean 
time of the onset of RVSs for Ss in the 
Bexton et al. (1954) study was 33 hours 
and in the Doane (1955) study was 30.6 
hours. These authors noted that complex 
imagery was reported only after long 
periods of isolation. Since these original 
experiments, considerable evidence has 
accumulated indicating that long periods 
of isolation are not necessary, or even 
Sufficient, to elicit RVSs. Ruff et al- 
(1961) and Vernon et al, (1961) have 
reported minimal Type B RVSs in ex- 
periments ranging from 48 hours to 6 
days of isolation. Zubek et al. (1962) 
have reported few Type B RVSs in ex- 
periments of 1- or 2-week durations- 
Arnhoff et al. (1962) report no RVSS 
in a 2-day experiment. On the other 
hand, Goldberger and Holt (1958), Holt 
and Goldberger (1961), Freedian an 
Greenblatt (1960), and Zuckerman 
et al. (1962) have reported 30-57% of 
their Ss giving Type A RVSs within 
6-8 hour periods of isolation. JacksoP 


SENSATIONS IN PERCEPTUAL ISOLATION 7 


and Kelly (1962) report a high inci- 
dence of RVSs in 1 hour of isolation. 
They attributed their results to their 
experimental suggestions, but the results 
of Zuckerman and Cohen (1964) indi- 
cate that comparable results can be ob- 
tained in 1 hour without direct sugges- 
tion. Zuckerman et al. (1962) plotted 
the incidence of RVSs in successive 
hours of a 6-hour isolation period and 
found that the highest incidence of re- 
ports was during the first hour and that 
RVSs dropped off in succeeding hours. 
The drop after the first hour was sharper 
for unstructured RVSs than for struc- 
tured RVSs which fell off more gradu- 
ally. These results may have been a 
function of the generally decreasing ver- 
balizations of Ss over the 6-hour pe- 
riod. Pollard et al. (1963b) also found 
fewer verbal reports during the last 3 
hours of an 8-hour isolation period, and 
even fewer verbal reports in a second 
8-hour isolation session. Decreasing ver- 
balization over time was also found in 
Social isolation (Walters & Henning, 
1962). This decreasing verbalization 
Phenomenon may be an adaptation and 
Stress reduction effect as suggested by 
Pollard et al. (1963b), or a reduction 
In Interest and motivation in a monoto- 
nous environment as suggested by Zuck- 
erman et al. (1962). Perhaps the verbal 
responding is extinguished because of 
the lack of social reinforcement from 
Others. But whatever the cause of the 
Phenomenon it is bound to affect the 
Spontaneous reports of RVSs in medium 

or long-term isolation studies. 
Pres et al. (1962) provide the 
ost crucial study on the effect of the 
ip of isolation. Instead of allow- 
at no reporting they interrupted 
give to 2, and 96 hours, asking Ss to 
ing ite of any visual sensations dur- 
trol aou inute reporting periods. A con- 
was put a sho had not been in isolation, 
or 30-minute periods at the 


corresponding times. The isolation and 
control Ss did not differ in the frequency 
or complexity of RVSs at any of these 
periods. In other words, alerted Ss lying 
in the dark for 30 minutes with a set to 
report RVSs produce as many as Ss who 
have been lying in the dark for 48, 72, 
or 96 hours! However, on a postexperi- 
mental questionnaire, which asks Ss to 
describe their experiences during the 
entire period of the experiment, isolation 
Ss reported more frequent and more 
complex RVSs than the control group. 
These authors (Murphy et al., 1962) 
conclude: 

The important aspect of isolation was that it 
provided cubicle Ss with lengthy waking pe- 
riods in the dark during which time more 
frequent and more complex RVSs occurred 
than was the case for control Ss whose waking 
hours took place more often in a lighted, 
everyday world [p. 54]. 


Although this explains the differences in 
results on concurrent and retrospective 
measures it does not explain why Ss in 
other experiments who were exposed to 
long waking periods in the dark failed 
to report complex RVSs after emerging 
from isolation. Another aspect of the 
data in this study which will be dis- 
cussed in a later section may cast more 
light on this puzzle. 


Set, Instructions, and Suggestion 


Jackson and Pollard (1962) have 
postulated that the suggestions of the 
Es contained in their instructions to Ss 
may be a crucial variable in eliciting 
RVSs. The Zs instructions may do this 
in two ways: (a) by alerting S to the 
possibility of such effects by asking him 
to report them; (b) by creating positive 
or negative attitudes toward the effects, 
resulting in oversensitization in one case 
and response suppression in the other. 

Myers and Murphy (1962) told one 
group that RVSs were found only in 
psychiatric patients and another group 
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that RVSs were normal. The former 
group produced significantly fewer and 
less complex RVSs than the latter, but 
it is interesting that some Ss in the 
former group did report RVSs despite 
the strong negative connotations at- 
tached to such reports. Jackson and 
Kelly (1962) created a positive set for 
RVSs by giving their Ss an extended 
talk on the expected effects of a new 
drug (a placebo) which supposedly com- 
bined with isolation to produce halluci- 
nations and other changes. They at- 
tached various positive values to the 
ability to produce RVSs. They obtained 
86% Type A and 43% Type B RVSs 
in only 1 hour of isolation. The lack 
of a control group exposed to isolation 
without suggestion made their results 
equivocal with regard to the role of sug- 
gestion. Zuckerman and Cohen (1964) 
used a control group (I), a group given 
a mild suggestion that they would have 
RVSs and that these were normal (II), 
a group given the mild suggestion and 
a drug (placebo) suggestion (III), and 
a group (IV) given the extended sug- 
gestion and the drug suggestions used 
by Jackson and Kelly (1962). The only 
significant difference found was in the 
Type A RVSs which increased in oc- 
currence from Group I to Group IV. 
The Type B RVSs showed no response 
to suggestion. 

Pollard et al. (1963b) compared two 
8-hour isolation groups given no sugges- 
tion except to report “anything unu- 
sual,” with a 3-hour group given infor- 
mation about RVSs and told that in- 
telligent people report them sooner. 
More Type A and Type B RVSs were 
found in the suggestion group. In a 
later drug experiment (Pollard et al., 
1963a) these authors found practically 
no difference between a group given 
neutral instructions with a placebo and 
a group given suggestion with a placebo. 
Apparently the suggestions “take” with 
some groups of Ss and not with others. 


It may be difficult to generalize about 
the effects of suggestion without con- 
sidering the type of Ss and the specific 
verbal set used. 

It is difficult to account for the re- 
sults of many of the experiments on 
the basis of the sets given Ss. In the 
original McGill work (Bexton et al., 
1954) no one expected RVSs and their 
occurrence was impressed on the Es by 
Spontaneous, nonsolicited reports. Solo- 
mon and Mendelson’s (1962) Ss were 
told that the purpose of the experiment 
was to see what happens to normal 
people and were given no special report 
instructions, but Type B RVSs were 
obtained. Goldberger and Holt’s (1958) 
Ss were told to Teport “thoughts and 
feelings,” but a high proportion also re- 
ported Type B RVSs, Arnoff et al. 
(1962) told their Ss that “hallucina- 
tions” sometimes occurred as a result 
of isolation, but they obtained no RVSs 
of any type. Cohen et al. (1959) told 
their Ss that they would have visual 
sensations and some Ss reported Type A 
RVSs but none reported Type B RVSs. 
Zubek et al. (1961, 1962) told their 
Ss that they might have “unusual experi- 
ences” and to report them. During iso- 
lation they also asked Ss to visualize 
scenes and describe them. This encour- 
agement of visual imagery could have 
had suggestive effects on RVSs, but they 
obtained few Ss giving Type B RVSs in 
their two experiments. Zubek does re- 
Port that Ss experienced unusually vivid 
voluntary imagery, Rossi, Sturrock, 
and Solomon (1963) compared the 
vividness of voluntary imagery reported 
by Ss after hypnosis, placebo suggestion, 
Sensory deprivation, and normal condi- 
tions. Although hypnosis enhanced 
Imagery, placebo Suggestion had no ef- 
fect and Sensory deprivation resulted 
in significantly lower vividness 0 
imagery. They conclude that imagery 
im sensory deprivation cannot be ex- 
plained by the hypothesis that sug- 
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gestion enhances visual imagery in isola- 
tion. 

Another approach to the problem of 
Suggestion is to attempt to suggest 
sensory changes to S while he is in isola- 
tion, Walters and Quinn (1960) demon- 
strated that Ss exposed to sensory and 
social deprivation had a greater response 
to an autokinetic stimulus than Ss ex- 
posed to either social or sensory depriva- 
tion only. Zuckerman et al. (1962) 
found that they could suggest the ap- 
pearance of a “light” to most of their Ss 
at the end of an isolation experiment, 
but that the latency of reporting the 


‘nonexistent light did not correlate with 


the prior RVSs obtained during isola- 
tion. Bexton et al. (1954) found that 
their Ss had poor control over their 
RVSs. Some Ss were disturbed by them 
but could not stop or start them at will. 
There was some control over content; S 
might see some objects suggested by E 
but not always as E intended and with 


Some irrelevant RVSs intruding them- 
Selves, 


Continuous Reporting Instructions 


The decreasing number of Ss giving 
RVSs in each successive hour of isola- 
tion in the Zuckerman et al. (1962), 
Vosherg et al, (1960), and Pollard et al. 
(1963b) studies may have been related 
to the decrease in spontaneous verbaliza- 
tions in these samples with successive 
hours of isolation. Since we had verbal 
Productivity measures on Ss in the 

uckerman et al. (1962) experiment, 
We correlated this measure with the RVS 
ete combining frequency and com- 
a O of RVSs. The correlation was 

s oldberger and Holt (1958) found 

“> Correlation between verbal output 
atal ay in their male undergradu- 
actors In their group of unemployed 
ware (Holt & Goldberger, 1961), the 
ireal ation was insignificant. We ana- 

the data in the Pollard et al. 


(1963b) study and found that in their 
Dome group, where verbal output is 
given for individual Ss, Ss giving RVSs 
emitted more than three times the num- 
ber of words than Ss not giving RVSs; 
the difference was significant. Solomon 
and Mendelson (1962) reported no dif- 
ference between hallucinators and non- 
hallucinators on verbalization. 

Instructions which forbid, discourage, 
or limit spontaneous verbal reporting 
may inhibit RVSs. Vernon et al. (1961) 
did not permit reporting during their 
first three experiments and obtained no 
RVSs of the B type, although a large 
proportion of Ss reported Type A RVSs 
in the second experiment. Silverman 
and his associates’ (1961) Ss were not 
told to report during the experiment 
and they obtained few RVSs. Zubek 
et al. (1961, 1962) and Arnoff et al. 
(1962) told Ss they could report if they 
wanted to but instructions minimized 
reporting in these experiments and few 
Type B RVSs were given. Murphy 
et al. (1962) found significantly less 
complex RVSs in groups where no re- 
porting periods were allowed during iso- 
lation than in groups where there were 
reporting periods during isolation; the 
comparisons were made on a postexperi- 
mental questionnaire. 

Myers and Murphy (1962) found 
that prior verbalization encouraged by 
administering the Rorschach test before 
isolation had no effect on RVS com- 
plexity. Does the verbalization itself 
stimulate the RVSs or is it only symp- 
tomatic of the heightened interest in 
sensations, images, and feelings? 
Murphy et al. (1962) ran one isolation 
group where Ss signaled RVSs by pulling 
a lever instead of verbally reporting 
them. The postexperimental scores for 
this group were the same as those for Ss 
who reported verbally during the experi- 
ment. These results suggest that the ver- 
bal response per se is not the source of 
RVSs. 
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Sleep and Cortical Alertness 


Freedman, Grunebaum, Stare, and 
Greenblatt (1962) feel that the RVSs 
in isolation are likely to occur in transi- 
tional states between sleep and waking, 
and may represent hypnogogic and 
hypnocampic imagery. If their conten- 
tion is correct, then persons who doze 
and wake frequently during isolation 
should have more RVSs than Ss who re- 
main more alert. According to West 
(1962) the greater the level of arousal 
during reduced sensory input, the more 
vivid the hallucination. This theory 
would suggest that the more alert indi- 
vidual in perceptual isolation would be 
more prone to have RVSs than the 
drowsy individuals. 

What is the evidence bearing on these 
speculations? Bexton et al. (1954) re- 
ported EEG patterns typical of “alert- 
ness” occurring during RVSs. Solomon 
and Mendelson (1962) reported no dif- 
ferences in rated sleep between RVS and 
non-RVS Ss. An analysis of the Pollard 
et al. (1963b) data reveals no difference 
in time spent sleeping by RVS and non- 
RVS Ss. Goldberger and Holt (1958) 
did not find a significant correlation be- 
tween sleep and RVS imagery in their 
undergraduate group, but they found a 
—.66 correlation in their (Holt & Gold- 
berger, 1961) actor sample. Zuckerman 
et al. (1962) found a —.71 correlation 
between sleep ratings and RVS com- 
plexity. These last two correlations in- 
dicate that Ss who slept more frequently 
reported fewer and simpler RVSs and Ss 
who were more alert reported more and 
more complex RVSs. Murphy et al. 
(1962) compared three groups: (a) an 
immediate RVS group where Ss were put 
into a dark room and asked immediately 
to report RVSs, (b) a delayed RVS 
group, where S spent 30 minutes in 
darkness before being asked to report 
RVSs, (c) a wake-up group, who also 

waited 30 minutes in darkness before 
reporting, but were asked to do mental 


arithmetic problems for the last 7 min- 
utes of the waiting period to eliminate 
drowsiness incurred during the waiting 
period. The delayed-RVS group more 
frequently reported becoming drowsy or 
falling asleep, and they reported less 
complex RVSs than the immediate or 
the wake-up groups. 

In the studies which have found sig- 
nificant relationships between sleep- 
alertness and RVSs during isolation, 
alertness is found to be more conducive 
to RVSs and states of sleeping or drowsi- 
ness seem to be inimical to RVSs, par- 
ticularly the more complex ones. This 
might explain why some of the long- 
duration experiments yield few RVSs 
despite the more extended opportunity 
to “sample” the visual field. Since the 
Ss in these experiments know that they 
have a long time to spend in isolation, 
and since there are no restrictions on 
their position, they may simply sleep as 
much as they can or remain in sustained 
drowsy states with little attention paid 
to changes in their visual fields. Bexton 
et al. (1954) reported that Ss tended 
to spend the earlier part of their experi- 
ment in sleep; later they appeared more 
eager for stimulation. This would ex- 
plain why RVSs did not appear in the 
earlier hours of their experiment. In 
Zuckerman and his associates? (1962) 
groups, Ss were noted to be most alert 
in the earlier hours of the experiment (Ss 
were not allowed to sleep in this study) 
and reported the greater number of 
RVSs during this early period. The fac- 
tor of set, used by Jackson and Kelly 
(1962), may increase RVSs by creating 
an alert, expectant attitude. If S is set 
to “scan” his visual field he is more likely 
to report visual sensations. At the 
physiological level, the relative arousal 
of the reticular formation may be used 
to explain the same phenomena, 


Population Variables 


The population from which Ss for 
isolation experiments are drawn is some- 
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what limited by the fact that only cer- 
tain Ss will volunteer when informed of 
the experimental procedure. One 
wonders how specific the RVSs are to a 
population already motivated to experi- 
ence isolation. Murphy et al. (1962) 
put their nonvolunteers for prolonged 
isolation into their control group, but 
it was possible to compare their RVSs in 
the 30-minute report periods with con- 
trols who had volunteered for isolation. 
There was no significant difference in the 
complexity of RVSs. 

Within the volunteer samples the 
motives for volunteering differ. Wexler, 
Mendelson, Leiderman, and Solomon 
(1958) found that 5 out of 17 Ss volun- 
teered to “test themselves” while most 
of the others volunteered for the money. 
Four of the 5 self-testers quit the ex- 
periment before 8 hours; only 1 of the 
11 mercenary Ss could not make 8 hours. 
Apparently the self-testers were an un- 
Successful counterphobic group. How- 
ever, no relationship was found between 
Motivation for volunteering and hal- 
lucinations (Solomon & Mendelson, 
1962), 

Ruff et al. (1961) speculated that his 
failure to obtain many RVSs may have 
been because his Ss were older, experi- 
enced airmen who were accustomed to 
stressful activities. Murphy and his as- 
Sociates’ (1962) soldiers had many 
RVSs SO a military identification per se 
1S not incompatible with RVSs. Further- 
more, Ruff’s assumptions that stress re- 
pr is somehow correlated with 
RVSs is not borne out as will be seen 
1n a later section, 
ji a eatin is also not incompatible 
(1956) Ss. Heron, Doane, and Scott 
Homes themselves as Ss and all 
(1962) complex RVSs. Bliss and Clark 
Riste pt ee Psychiatrists and psycholo- 
of RVS, a a moderate proportion 
Ss fens, s Inding RVSs in sophisticated 
Cir hares © cast some doubts on the 

areri (1959) thesis that su i 
ggestible 


Ss are more prone to give RVSs. Holt 
and Goldberger (1961) found little dif- 
ference between college students and 
actor samples in percentages of Ss giving 
Type B RVSs although the actors gave 
considerably more Type A RVSs. 

As with most psychological research, 
the undergraduate remains the favorite 
S although many Es also use some 
graduate students. No generalizations 
can be made about national differences 
since RVSs are frequently given by New 
York University (Goldberger & Holt, 
1958) and McGill students (Bexton 
et al., 1954) and rarely given by Prince- 
ton (Vernon et al., 1961) and Manitoba 
students (Zubek et al., 1961, 1962). 
These differences cut across national 
boundaries. 

Because of the theoretical analogy 
made between isolation and psychotic 
phenomena (Rosenzweig, 1959), the re- 
sults of psychiatric populations are of 
some interest. Cohen et al. (1959) ran 
four normals and six patients of various 
diagnoses. Two of the normals and one 
schizophrenic gave RVSs but none of 
these were Type B RVSs. The RASs 
were more common and will be discussed 
later. Azima, Lemieux, and Azima 
(1962) reported that 7 out of 18 pa- 
tients had RVSs ranging from simple to 
complex. They do not provide a break- 
down on the types of RVSs, but the over- 
all frequency is no higher than in most 
of the studies on normals. This is not 
surprising since spontaneous RVSs are 
rarer in patients than is commonly sup- 
posed. Malitz, Wilkens, and Esecover 
(1962) found only a 9% incidence of 
RVSs in case histories of 100 chronic 
schizophrenic patients. A case-history 
survey of normals might reveal a similar 
percentage, Cleveland, Reitman, and 
Bentinck (1963) found no significant 
difference between schizophrenic and 
nonschizophrenic patients in frequency 
or intensity of reported perceptual dis- 
tortions. Schizophrenics who halluci- 
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nated before also admitted hallucinat- 
ing in isolation; one said that the 
sensory deprivation made the sensations 
louder and clearer. 

Most of the experiments have used 
males. Zubek et al. (1961) found sug- 
gestion of a sex difference with 10 of his 
12 male Ss giving RVSs and only 1 of 
his 4 females. Pollard et al. (1963b) 
obtained usable data on 22 males and 23 
females in three conditions of isolation. 
Over all conditions, 73% of the males 
and 61% of the females gave RVSs. 


Ss Prior Knowledge and Expectations 


Jackson and Pollard (1962) have sug- 
gested that the phenomena observed in 
isolation experiments are self-perpetuat- 
ing because the publicity given prior 
studies affects the Ss expectations and 
the expectancies affect their reports. Al- 
though a number of experimenters have 
varied experimental suggestions few 
have inquired about Ss own knowledge 
of the area and their expectations for 
their own reactions before the experi- 
ments. Zuckerman and Cohen (1964) 
did this and found no relationship be- 
tween prior knowledge and expectation, 
and RVSs. The Ss specifically expect- 
ing to have hallucinations gave no more 
RVSs than Ss not having such an ex- 
pectation. Jackson and Pollard (1962) 
argue that S must not only expect RVSs 
but must be motivated to report them. 
Zubek et al. (1961) note that 5 of the 
16 Ss who had no RVSs were very dis- 
appointed in not having had them; 
surely these Ss were motivated to report 
RVSs if they had experienced them. 


Intelligence 

Goldberger and Holt (1958) found a 
59 correlation between intelligence, as 
measured by the Ohio State Psychologi- 
cal Examination, and imagery in their 
undergraduate sample. Murphy et p 
(1962) found no difference between High 
and low scorers (within a restricted 


range of above average) on the General 
Technical measure of intelligence. There 
was a difference within the group where 
the postisolation inquiry was not pre- 
ceded by reports during isolation. In this 
subgroup Ss with high General Tech- 
nical scores produced less complex ret- 
rospective RVSs. Although intelligence 
was not correlated with other variables 
in the Zuckerman et al. (1962) study, 
American Council on Education test 
Scores were available, and an analysis 
revealed no relationship between Ameri- 
can Council on Education measured in- 
telligence and RVS scores, 


Personality Characteristics 


Holt and Goldberger (1961) have un- 
dertaken the broadest personality studies 
in this area. Unfortunately the general- 
ity of their results is limited by the size 
of the two sample studies (Ns of 14 
and 16 but sometimes dropping as low 
as 9 for some correlations). If the re- 
sults of the second group (actors) had 
replicated the results of the undergradu- 
ate group, one might have more con- 
fidence in their results, However, in 
some cases the results were significant 
in the opposite direction, while in others 
they simply failed to confirm the cor- 
relations found in the first sample. In 
the undergraduate sample “imagery” in 
isolation correlated Positively with test 
scores, and test and interview-based rat- 
ings, measuring “acceptance of one’s 
passive, feminine side,” “intellectual 
flexibility, breadth and richness,” and 
“freedom from emotional disturbance or 
constriction.” In the actor sample, ac- 
tive, masculine strivings and values 
correlated positively with imagery. “In- 
tellectual flexibility” correlated with im- 
agery in the actor sample also, but 
only one measure of it was significantly 
related in both groups. The number of 
M on the Rorschach, which correlated 
positively with imagery in undergradu- 
ates, failed to correlate significantly in 
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the actor group. Measures of emotional 
disturbance or neuroticism correlated 
negatively with imagery, as in the under- 
graduate sample, but the only single 
measure whose correlation was replicated 
across the samples was the Block Neu- 
rotic Under-Control scale. In retrospect 
it seems unfortunate that Holt and Gold- 
berger did not use another sample simi- 
lar to their first to replicate their re- 
sults. If we look only at the Gestalt of 
the results, intellectual flexibility and 
freedom from emotional disturbance 
seem to be related to imagery in both 
samples while the role of masculinity- 
femininity and activity-passivity traits 
seems to depend on other characteristics 
of the populations. 

Solomon and Mendelson (1962) found 
no differences between hallucinators and 
nonhallucinators on MMPI or EPPS 
scales. Zuckerman et al. (1962) found 
that the only MMPI or EPPS scales cor- 
relating with RVSs was the MMPI Mf 
scale. Freedman et al. (1962) found no 
clear relationship between ego integrity 
and visual imagery although they did 
find a significant relationship with a his- 
tory of hypnogogic imagery. The failure 
of any of the clinical scales from the 
MMPI to correlate with RVSs in two 
studies does not support Goldberger and 
Holt’s relationship between freedom 
from emotional disorder and RVSs. 
Te (1959) administered a 
ana y of suggestibility” tests to his Ss 
PRA a the basis of a combined rank 
ie ivided them into suggestible and 
af de Sgestible groups. Out of his matrix 

th eorrelations between the suggesti- 
maet only two were significant and 
ae oo close to zero. There was little 
asad combining the tests into a 
he labeli score and therefore no basis 
eg, 2 the score “suggestibility.” 
the 10 hi K ne score represented, 9 of 
10 Gacy “scoring Ss and only 2 of the 
Postexperimers Ss Teported RVSs on a 
€ntal introspective report. 


Cc 


No differences between groups were ob- 
tained on a questionnaire. It is interest- 
ing that the high scorers on the test 
battery found the situation more com- 
fortable and stayed longer than low 
scorers. 

Silverman et al. (1961) selected 11 
field-oriented and 9 body-oriented Ss, 
after screening 109 students with the 
Draw-a-Person and Rod and Frame 
Tests, and gave them 2 hours of isola- 
tion. Four of the field-oriented group 
experienced visual imagery having spe- 
cific form and which they believed to 
come from a source outside of them- 
selves. None of the body-oriented group 
reported this type of imagery. The re- 
sults suggest that the field-dependent 
personality is more prone to RVSs, pos- 
sibly because he is less able to discrimi- 
nate internal and external cues in am- 
biguous situations. 

Considering the number of correla- 
tions run between RVS scores and per- 
sonality variables the results are meager 
and only suggestive at the most. Per- 
haps personality variables are important 
only insofar as they affect Ss cooperation 
with certain of Es instructions, for ex- 
ample, to lie still, to report from time 
to time, not to sleep, etc. Holt and 
Goldberger (1961) found that imagery 
correlated with a group of scales that 
denote “being a ‘good’ subject: a wish 
to cooperate . . . persistence with the 
task at hand.” This may have been what 
Cambareri was measuring in his various 
tasks, and would account for the fact 
that his high scorers remained in the 
tank longer than low scorers. 


Stress Response and RVSs 


Much of the initial excitement about 
the isolation RVSs ee a 2 <4 
sumption that they had something 
EE with psychotic RVSs. Actually 
psychotic hallucinations are usually a 
sonally symbolic and emotiona : 
charged. While a few Ss are frightene 
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by their RVSs, others are interested or 
amused by them, and RVSs themselves 
often consist of mundane objects or 
cartoonlike figures. Solomon and Men- 
delson (1962) found that in seven RVS 
Ss affect was pleasant in two cases, un- 
pleasant in three, and severe anxiety 
occurred in three. However, their Ss 
had not been alerted to the possibility 
of RVSs. RVS and non-RVS groups in 
their experiment did not differ in somatic 
complaints or length of stay, two indica- 
tors of stress. They found that the 
non-RVS group had a larger increase in 
noradrenalin excretion and urine volume 
output than the RVS group. This might 
indicate that the less stressed Ss report 
RVSs. Supporting this is Holt and Gold- 
berger’s (1961) findings of significant 
correlations between “imagery” and a 
cluster of variables which they call 
“adaptive response” to isolation. The re- 
lationship suggests that RVSs may be a 
self-stimulation coping mechanism rather 
than the projection of anxiety-laden 
fantasy. Zuckerman et al. (1962) found 
no correlation between their RVS score 
and any of the variables in their stress 
response cluster. The findings were dif- 
ferent for RASs and these will be dis- 
cussed later. Murphy et al. (1962) 
found that Ss who left isolation before 
48 hours reported RVSs of the same 
complexity as Ss who stayed the full 
96 hours. An analysis of the data in the 
Pollard et al. (1963b) Dome group re- 
vealed no differences between RVS and 
non-RVS groups in time remaining in 
isolation. 


Methods of Reporting RVSs 


There are three basic methods for 
obtaining RVSs: (a) reports during the 
experiment, spontaneously, or during 
allotted reporting periods; (b) a post- 
experimental interview, usually struc- 
tured but sometimes free associative; 
(c) a postexperimental questionnaire. 


Some Es have used one, some have used 
two, and some have used all three 
methods to define the RVS phenomena. 
When two or more methods were used to 
define a phenomenon, we should ask 
some questions about their relationships. 
Zuckerman and Cohen (1964) compared 
RVSs in Ss reports during the experi- 
ment and their replies to questions about 
RVSs in the postexperimental interview. 
The correlation between the two methods 
was .77. Although the two methods are 
correlated they may still yield differ- 
ent findings. Murphy et al. (1962) 
found a high order of relationship be- 
tween the during and postexperiment 
techniques, but they found no differ- 
ence between isolation and control 
groups on complexity of RVSs during 
the experiment and a significant differ- 
ence on a postexperimental question- 
naire. Many experimenters ignore this 
problem by using both the during and 
after reports together; that is, if S gives 
an RVS during the experiment or after 
the experiment it is counted, Such a pro- 
cedure will certainly inflate the number 
of RVSs in the group over what would 
be obtained by using more rigorous cri- 
teria. An analysis of the data in the 
Zuckerman and Cohen study (1964) in- 
dicated that the use of reports appearing 
in both methods would give a figure of 
45% RVS Ss while the use of reports in 
either gives a figure of 71%. In Solomon 
and Mendelson’s (1962) study we have 
a choice between 7% and 25% depend- 
ing on whether we admit RVSs appear- 
ing in retrospective reports only as data, 
If a third method is added, as in Gold- 
berger and Holt’s (1958: Holt & Gold- 
berger, 1961) experiments which use 
reports during the experiment, a post- 
experimental interview, and a postex- 
perimental questionnaire, we can expect 
even higher proportions of Ss giving 
RYSs. One is reminded of the results in 
the verbal conditioning experiments 
where the more the postexperimental in- 
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terview was extended, the more Ss were 
found to be “aware.” 


REPORTED AUDITORY SENSATIONS 


The RASs have not received the at- 
tention that RVSs have. Some Es do not 
provide data on them. There are several 
reasons for this neglect. In rooms which 
are not soundproof various noises from 
the adjoining rooms and corridors may 
be reported by Ss immediately or in the 
postexperimental interview. This makes 
it difficult for E to distinguish between 
Sensation, illusion, and hallucination. 
Even in soundproof rooms certain re- 
ported sounds such as “water” noises are 
typical and may be a reaction to inner- 
ar noise, Low frequency sounds such 
as the rumble of passing trains may 
penetrate the soundproofing. In many 
experiments some kind of constant back- 
ground noise such as white “noise” trans- 
mitted through earphones, the noise of 
the intercom system, or the hum of a 
motor may be used. Some Ss begin to 
Interpret these sounds and the interpre- 
tations may be classified as illusions 
rather than hallucinations. Human 
voices or music tend to fall closer to 
the hallucinatory category. The range 
of these Type B RASs in the groups 
reviewed is from 0 to 50%, with the 
median falling at 159. A third of the 
Studies report no Type B RASs. Be- 
eae of the limited data available on 
‘Ae we will be somewhat more cursory 

our analysis of the variables related 
to them. 
wee be the relationship between 
obtained 4 RASs? In general, Es who 
aed gi or no RVSs also obtained 
Siignese “4 ype B RASs. This would 
Skea the poses is a correlation be- 
tions A types of reported sensa- 
49 cra a et al. (1962) found a 
tory hal lon between visual and audi- 
suggest aton scores. This would 

at some of the factors which 


influence RVSs may also influence 
RASs. 

The RASs have been obtained in all 
the methods of confinement. They have 
been obtained under darkness and dif- 
fuse light conditions. Zuckerman, 
Levine, and Biase (1964) ran a group 
of 12 Ss with auditory restriction, but 
without visual restriction, and found 
that 389 of Ss gave Type B RASs in 
contrast to 7% in a visual and auditory 
restriction group. Perhaps the increased 
RASs in this group occurred because 
they were less distracted by RVSs. Pol- 
lard et al. (1963b) found fewer RAS Ss 
in a subdued light (dome) condition 
than in a more restricting diffuse light 
(goggles) situation. 

The role of some kind of masking 
noise in producing RASs was previously 
suggested. Zubek et al. (1961) found no 
Type B RASs when they used a sound- 
proof chamber, but they obtained a few 
when white noise was fed to S through 
earphones (1962). Vernon et al. (1961) 
did not find any RASs in a group run 
with “noise” stimulation. Although con- 
stant auditory stimulation may play 
some role in RASs it is not sufficient to 
explain their occurrence or absence. 
Zuckerman, Levine, and Biase (1964) 
used music as sound stimulation for Ss 
lying in darkness and found only slightly 
more Type B RASs than in the total-iso- 
lation group. 

As was the case for RVSs, the dura- 
tion of isolation does not seem to be a 
critical factor in RASs. The RASs are 
obtained in some 1-hour experiments and 
are not found in some of the 2-day to 
1-week experiments. 

The RASs appear more resistant to 
suggestion than RVSs. Vernon et al. 
(1961) tried to suggest to their Ss that 
they would hear “music” but none of 
them reported hearing it. Pollard et al. 
(1963a, 1963b) found no more RASs 
with suggestion than without it. Zucker- 
man and Cohen (1964) found no m- 
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crease in RASs with increasing sug- 
gestion. : 
If meaningful RASs are not a function 
of external stimulation or suggestion 
they may represent projections of in- 
ternal thoughts and therefore may be 
more closely related to personality fac- 
tors than are RVSs. Since Malitz et al. 
(1962) found that RASs were much 
more frequent in schizophrenics than 
RVSs, we might expect that RASs would 
be related to deviant tendencies. Zucker- 
man et al. (1962) found positive but in- 
significant correlations between RAS 
scores and the Validity and Schizo- 
phrenia scales of the MMPI; however, 
the RAS score correlated significantly 
with verbalized manifest anxiety and 
increases in a checklist measure of 
anxiety during isolation. This finding 
suggests that RASs may reflect the 
situational anxiety and projective tend- 
encies induced by isolation rather than 
broader personality characteristics. In 
the Cohen et al. (1959) study, one of 
four normals, two of three neurotics, and 
all of the three schizophrenic Ss gave 
RASs. The Ws in the group are too 
small to determine if the trend toward 
increasing RASs with increasing psycho- 
pathology is significant. Cohen et al. 
noted that one difference was that the 
normals regarded the events as “hallu- 
cinations” whereas most of the psychi- 
atric patients regarded them as real. In 
Azima and his associates’ (1962) psy- 
chiatric patients consisting of neurotics, 
depressives, and schizophrenics, only 2 
of the 17, or 12% of the group gave 
RASs. These 2 were both neurotics. 
Cleveland et al. (1963) found no differ- 
ences in RAS intensity or frequency 
between schizophrenic and nonschizo- 
phrenic psychiatric patients. In evaluat- 
ing population comparisons we must 
again consider the question of the pre- 
isolation base line. Jackson and Pollard 


(1963) found that 31% of a normal 


sample reported “unusual auditory ex- 
periences” outside of isolation. 

There was no evidence of a sex differ- 
ence in RASs in the Pollard et al. 
(1963b) study where 64% of the men 
and 65% of the women Ss gave RASs 
(of all types). 

The comments made about the 
methods of obtaining reports and ver- 
balization during isolation in relation to 
RVSs probably apply to RASs since the 
same studies, which relied mainly on 
postisolation indices of RASs (Arnoff 
et al., 1962; Silverman et al., 1961; 
Vernon et al., 1958; Zubek et al., 1961, 
1962), or did not encourage free report- 
ing during isolation, failed to obtain 
many RASs. The correlation between 
verbal productivity and RAS score jn 
the Zuckerman et al. (1962) experiment 
was .77! In the Pollard et al. (1963b) 
experiment RAS Ss spoke more words 
than non-RAS Ss, but the difference on a 
score corrected for time in the situation 
and sleep time was not significant 
(t=1.50). 


THEORETICAL CONSIDERATIONS AND 
CONCLUSIONS 


There have been four general ap- 
proaches to the explanation of the phe- 
nomena of perceptual isolation: the 
physiological, the psychoanalytic, the 
cognitive, and the social-psychological. 
The physiological explanations point to 
specific sensory effects and to nonspecific 
central nervous system effects (Heron, 
1961). Several investigators have cited 
the work of Granit (1955) which shows 
that spontaneous discharge of the retinal 
ganglion cells takes place in the dark- 
adapted eye as well as in the light- 
adapted eye. This means there is always 
a random “noise” factor which could 
furnish the sensory basis for RVSs 
despite the reduction or elimination of 
external stimulation. Doane (1955) re- 
lates the RVS isolation Phenomena to 
RVSs in cataract cases, and to the 
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phantom-limb phenomenon in amputees. 
He suggests that the Cannon and Rosen- 
blueth (1949) law of denervation may 
account for all of these cases; that is, 
sensory deprivation may result in a func- 
tional denervation of sensory neurons 
resulting in a sensitization, or lowering 
of thresholds, of neurons further up in 
the nervous system. Supporting this 
theory is the finding that RVSs typically 
Progress from simple to complex (Heron, 
1961; Myers & Murphy, 1962; Zucker- 
man & Cohen, 1964) indicating a pos- 
sible Progression of their site from lower 
to higher centers in the nervous system. 
i Evarts (1962) in his “neurophysio- 
on theory of hallucination” says that 

€ neurophysiologic processes which 
Produce hallucinations are similar to 
those which occur in dreams during 
Sleep. Scheibel and Scheibel (1962) 


Stress the role of the brain-stem reticu- 
lar core: 


ap periods of decreased total input to 
ii tha icular core occur only during sleep, but 
eile case (sensory deprivation) the indi- 
leurs remains nominally awake. The gradual 
ened pment of n.o.b. (RVS) phenomena may 
physi amply a normal expression of the 
Hodhi S function of brain cells whose 
reticula ion by specific sensory and nonspecific 
eis z Input drops below a critical level with 
dondttant i changes in cell biasing and con- 
SGRI ines “sensitivity” to what is 
eens ie ee activity” in intracerebral 


The bata theory would suggest that 
, occur in stages of light sleep or 
ace Stages while the latter theory 
wakeful at RVSs would occur in alert, 
tion. Thee during perceptual isola- 
RVSs e evidence from EEGs during 
telationshin y 1961) and from reported 
tion an Ips between sleep during isola- 
Goldber, RVS’s production (Holt & 
Zucker.’ 1961; Murphy et al., 1962; 
ter theses, et al., 1962) support the lat- 
stressed the Lindsley (1961) has also 
lar activati role of the “ascending reticu- 
ing system” which may com- 


pensate for reduced sensory input by 
projecting its own response level upon 
the cortex. 

The psychoanalytic theory of isola- 
tion, as delineated by Azima et al. 
(1962), Goldberger and Holt (1958), 
Goldfried (1960), and Kubie (1961), 
states that isolation produces a kind of 
regression resulting in a decrease in the 
efficiency of secondary process thinking 
(logical, problem solving, goal directed) 
and an increase in primary process 
thinking (governed by the pleasure 
principle, alogical). The RVSs could be 
explained as one aspect of primary 
process thinking. However, individuals 
who are severely threatened by primary 
process may develop anxiety which 
might interfere with RVS development. 
Goldberger and Holt (1958) found that 
a preisolation Rorschach measure of con- 
trolled primary process, correlated .45 
with imagery during isolation; and con- 
trolled primary process, measured from 
verbalizations during isolation, corre- 
lated .88 with imagery during isolation. 
However, Solomon and Mendelson 
(1962) found that the hallucinators in 
their experiments daydreamed less dur- 
ing isolation than nonhallucinators. Per- 
haps this finding could be explained 
away by classifying daydreams as sec- 
ondary process, since they are more un- 
der voluntary control than are RVSs. 
However, most of the imagery reported 
during isolation is not obviously wish- 
fulfilling or drive relevant. Also this 
theory would be hard put to explain the 
lack of a positive relationship between 
time of isolation and RVS production 
since ties with reality would be weak- 
ened as a function of time in isolation. 
The theory might explain the positive 
relationship between verbalization and 
RVSs since individuals who free-assocl- 
ate more easily can also release primary 
process more easily. In general, Gold- 
berger and Holt’s formulations are based 
on correlations rather than actual meas- 


18 MARVIN ZUCKERMAN AND NATHAN COHEN 


ures of changes in thinking during isola- 
tion. Research is needed to test the 
hypothesis that isolation tends to in- 
crease one type of thinking as opposed 
to another. The progressive decrease in 
verbalization during isolation would sug- 
gest that all types of associative think- 
ing are reduced. = 

A third class of theory is the cognitive 
theory (Bruner, 1961; Freedman, 1961) 
which suggests that RVSs may be due 
to the organism’s attempt to maintain 
“ordered relationships” in its perceptual 
environment. The RVSs may be the re- 
sult of the organism’s attempt to fit the 
random noise sensations from the retina, 
or the inner ear, into previously acquired 
cognitive schemata. We might deduce 
from this theory that the content of RVS 
or RASs would be dominated by the 
most familiar objects or sounds experi- 
enced by Ss. Research on this theory 
might attempt to relate the content of 
RVSs of individual Ss to their particular 
schemata. 

The fourth class of theory is the social- 
psychological theory which is excellently 
developed by Jackson and Pollard 
(1962). These authors have questioned 
the prior theoretical interpretations of 
RVSs and other isolation phenomena 
on the basis of the fact that some Es 
have failed to obtain them, that manipu- 
lation of S’s set by suggestion may affect 
them, and that there are fewer of them 
during a second exposure to isolation. 
They advocate an explanation based 
on: Ss knowledge of “expected” reac- 
tions, his motivation to experience and 
report, and the use of continuous report- 

ing instructions which have a self-sug- 
gestive effect. In our review of this area 
we have seen that negative or positive 
values attached to RVSs by Es have af- 
fected their occurrence in some experi- 
ments but not in others. Direct sug- 
gestion to S that he will experience 
RVSs, or his expectation or desire to 
experience RVSs, seem to have little ef- 


fect. Set probably influences RVSs but 
the exact role of set has not yet been 
clearly defined. Jackson and Pollard 
have used a shotgun type of suggestion, 
including placebos, and their failure to 
obtain results in their last experiment 
(Pollard et al., 1963a) raises questions 
about the role of specific instructions, 
in particular contexts. Furthermore, cer- 
tain types of response indicators may be 
more sensitive than others, and certain 
types of RVSs may be more responsive 
to suggestion than others. The work so 
far would suggest that set alone cannot 
explain the RVSs, and certainly not the 
RASs, in isolation. Continuous report- 
ing instructions and S’s responses to 
them certainly seem to be of crucial im- 
portance. The exact meaning of this 
relationship is open to question. 

Most of the theoretical positions dis- 
cussed above are not incompatible with 
each other, but could easily incorporate 
one another. As yet, the theoretical 
issues are not drawn so sharply that we 
could pose one theory against another. 
Hopefully, the next decade of work on 
perceptual isolation will witness more 
precise definition of the theories, and 


experiments more precisely aimed at the 
theoretical issues. 
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The relation between experimental work in perception in the Soviet 
Union and the orthodox philosophy of the Soviet state is discussed. 
It is pointed out that both the philosophy derived from Lenin and Marx 
and the needs of the state exert an influence on the nature of the 
Problems studied and the type of theory developed. Studies in the 
areas of tactual, auditory, and visual perception are reviewed. These 
are considered against the background of Leont’ev’s motor-copy theory 
of perception, currently the most systematic Soviet approach to percep- 
tion. Certain other studies in visual perception conducted in the con- 
text of Uznadze’s theory of set, as well as some mathematical approaches 
to perception not fitting into any general theoretical frame, are also 


briefly reviewed. 


$ Tires prominent issues are apparent 
. Oviet work in the field of percep- 
tion: an epistemological concern, an 
emphasis on response processes, and a 
Pragmatic interest. It is the purpose of 
= Present review to describe several 
as of research pursued by Soviet 
Psychologists interested in perception. 
i asin will attempt to point 
ani he manifestations of these trends 
oe at the same time to be detailed 
Ough to present some essence and 

Perhaps more flavor of the research. 
psych epistemological current in Soviet 
Sie s wed derives from the accepted 
z cae i osophy, Marxist materialism— 
in, oe oo case Lenin’s elabora- 
tion a arx as it is applied to sensa- 
Dhilosa 8 aac In brief the Soviet 
terized. ical position might be charac- 
sition as follows: The materialist po- 
réal ae for the existence of the 
against and the primacy of matter 
any kind of idealist philosophy. 


1 
A, The atigi is indebted to A. N. Leont’ev, 
Partment Pa Paito the members of the De- 
niversit of Psychology of Moscow State 
ae to the many Soviet psycholo- 
aun him become familiar with 
urthe Ing the academic year 1959-60. 
r indebted to William Charles- 
u Teadinn’® D. Pick for their critical and 
8 of the draft of this paper. 


Further, Lenin in an emotional polemic 
claims that we know the real world as 
it actually exists. This knowledge is ob- 
tained through our sense organs and our 
brain mirrors the world (Lenin, 1927). 
Lenin’s theory of the reflection of the 
real world has been termed by some 
a copy theory and is discussed in detail 
by Wetter (1958). 

The Soviet psychologists’ assumption 
that perception mirrors the real world 
leads them to be concerned with images 
and their formation in consciousness. 
When one examines the procedure by 
which the existence and qualities of an 
image are determined, it is sometimes 
easily translated into operations. For 
example, in a study of the role of eye 
movements in young children’s percep- 
tion (Zinchenko, Chzhi-tsin, & Taraka- 
nov, 1962), the authors mention the 
“adequacy” of the image of an object 
but they use a multiple-choice recog- 
nition procedure and error score to 
measure this. 

One implication of the copy theory 
is that we do not have to add anything 
to the information obtained via sense 
organs. Central addition to sensory 1n- 
formation in order to obtain true knowl- 
edge smacks of idealism and is rejected. 
Idealism (as opposed to materialism) 
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here refers to any possible sense in 
which ideas define or determine reality. 
The concept that association or inte- 
gration is imposed on stimulation by 
the central nervous system might lead 
to the possibility that ideas define re- 
ality. On the other hand, kinesthetic 
feedback and other combined sensory in- 
puts from several modalities are empha- 
sized by Soviet psychologists (Leontev, 
1959b). This fact suggests that basically 
the Soviet psychologists may be reject- 
ing successive association and Gestalt 
organization for simultaneous associa- 
tion. 

The importance of kinesthetic feed- 
back or response-produced stimulation 
in Soviet theory seems to derive from 
a happy coincidence of certain philo- 
sophical points in Marx and Engels and 
some theoretical ideas of Sechinoy and 
Pavlov. Marx in his Theses on Feuer- 
bach implied that truth is determined 
in activity, in particular, that sensory 
activity and practice, not passive con- 
templation, determine reality (Aikin, 
1956, p. 193). 

The theoretical ideas of Sechinov 
come from his observations of behav- 
ior and subsequent speculations (cf. 
Leont’ev, 1959a) to the effect that 
Sense organs, exemplified by the hand, 
obtain information by actively explor- 
ing the objects in the environment. 
These suggestions are further reinforced 
by Pavlov’s interest in the orienting re- 
sponse and in the kinesthetic analyzer. 

The very real requirements of a 
rapidly industrializing country and the 
emphasis on action as exemplified by 
Marx’s Theses on Feuerbach (Aikin, 
1956, p. 195) give to Soviet psychol- 
ogy quite a pragmatic cast. 

The considerations outlined above, 
the materialist assumptions and the re- 
sponse emphasis, are embodied in the 

most important current Soviet theory of 
perception—one developed by Leont’ev 
(1959a). In this theory the organism is 


considered to make a reflex response to 
a stimulus. The combination of receptor 
stimulation and the reflex feedback 
form the basis of the perception. In one 
case (Leont’ev, 1959b), the stimulus is 
conceived as evoking an orienting re- 
sponse to which the organism is ini- 
tially insensitive. Then by a classical 
conditioning procedure the attention of 
the subject is attracted to the reflex 
state itself and, in this mediated way, 
the subject is able to respond to the 
original stimulus. An example of this is 
the stimulation by a light of the skin 
of a blindfolded subject. Light with ap- 
propriate heat filters had been shown to 
elicit a physiological skin reaction to 
which subjects ordinarily do not re- 
spond. When the light is consistently 
followed by an electric shock, subjects 
slowly come to be able to anticipate the 
shock although they do not know the 
basis of the anticipation. In another 
case, tactual stimulation and kinesthetic 
feedback combine to yield the percep- 
tion of specific objects in active touch 
(Anan’ev, Vekker, Lomov, & Yarmo- 
lenko, 1959). Here, it seems that the 
physical object constrains the hand to 
reproduce the contour of the object, 
and feedback from this motion forms 
the basis of perception of the object. 
The initial interaction of the hand and 
object with its correlative tactual stimu- 
lation forms the basis of the perception 
of such qualities as temperature, hard- 
hess, elasticity, etc. But even these de- 
pend to a certain extent on feedback 
from the hand movement. 

In the first of the above cases (the 
stimulation of the skin by a light), 
Leont’ev’s idea was that a reflex re- 
sponse is made to a stimulus and the 
subject becomes sensitive to this re- 
sponse and not to the conditioned 
stimulus. Leont’ey employs this type of 
Process to explain “sensation.” In the 
second case, the response that we are 
perceiving is a reproduction (by our 
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own movements) of the physical stimu- 
lus. This general process forms the ba- 
sis of Leont’ev’s theory of perception. 
We in some sense reproduce the physi- 
cal object by our movements. The com- 
bination of kinesthetic feedback and 
initial stimulation serve as the basis of 
Our perception. This is a motor theory 
of perception, but a motor theory which 
Involves copying the physical stimulus. 
It is easy to point out difficulties for 
the theory, the same difficulties with 
which our motor theorists of cognition 
and perception have been faced. In- 
Stead, let us consider three sets of in- 
vestigations which have been instigated 
by this view of perception. One set is 
ia eal perception, the second on the 
oe Opment of visual and tactual per- 
ption, and the third on auditory- 
Pitch perception. 
ae studies of tactual perception 
a et al, 1959) generally in- 
ee on asking a blindfolded subject to 
ee an object by hand and then 
— to make a drawing of it or to 
age it among several objects. Par- 
War attention was paid in many of 
ee eee to the manner in 
Sie the subject explored. This, of 
deve er a manifestation of the in- 
shite A response processes described 
menie of a question of how the move- 
Nie dk the hand provide the basic in- 
k are for perception of the object 
ant here. 


the ried Pin time-motion analyses of 
Ploring no tee of the subjects ex- 
motion the objects were made. From 
constru Picture films a “tsiklogram” was 
i icted consisting of a plot over 


the positions of the hands and 


the contour could easily be 
à ihe uch analyses carried out for 
bimanuay® Angers, exploring an object 
s S indicated that the different 
stoppeq Plored at different rates and 
ifferent times. Pauses typi- 


cally occurred at corners. A sample 
(Anan’ev et al., 1959) of the results of 
such an analysis of a subject, who has 
been asked to explore a shoelike cutout 
form, indicated that all the fingers of 
the right hand were in motion more of 
the time than they were at rest during 
the exploration, while for the left hand 
the index finger and fourth finger were 
at rest more than they were moving. 
These relations changed somewhat upon 
repeated exploration of the same ob- 
ject. In spite of such methods which 
easily lend themselves to quantifica- 
tion, the investigators presented very 
little quantitative data and appeared 
to be more interested in a qualitative 
analysis of the process of tactual ex- 
ploration. 

The picture presented (Anan’ev et al., 
1959) of the bimanual exploration of 
an object (under directions to the sub- 
ject to reach behind a screen and ex- 
plore an object so that he will be able 
to make a drawing of it) starts with 
movements of both hands in the air or 
on a table along the sagittal axis of the 
body until contact with the object is 
made. The hands then slide lightly over 
the surface of the object to the upper 
edge. These movements are said to be 
regulated mainly by stimulation from 
the middle finger. When the hands get 
to the far point of the object, they stop 
for a moment. All of these movements 
are said to be orienting in nature. Re- 
productions made after this initial ex- 
ploration are poor in detail but good in 
general form although often elongated 
along the vertical axis. It is noted that 
such reproductions are made in the or- 
der that the exploration occurred and 
subjects have great difficulty in chang- 
ing the order of reproduction. : 

The subsequent exploring motions 
consist of both gross hand and finger 
movements and micro finger movements 
of a millimeter or two, the purpose of 
the latter being interpreted as mainte- 
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nance of sensitivity. The function of 
the gross movements is said to be syn- 
thesis of the multitude of cues being 
perceived. The basis of this interpreta- 
tion is that the subject having made 
these movements is then able to draw 
a picture of the object starting from 
any point of the contour. The authors 
suggest that the spatial-temporal image 
has developed into a spatial image. ; 

The form of the gross exploring 
movements is more or less determined 
by the shape of the object. The trajec- 
tory of the movements corresponds in 
general to the shape. The optimal speed 
is between 5 and 10 centimeters per 
second. The movements are not even, 
but broken into a series of small sec- 
tions. The pauses occur at apex angles 
and changes of direction of movement. 
The two hands move and pause at the 
same time when exploring symmetric 
objects. But if one hand reaches a stop- 
ping point it pauses until the other 

catches up. If the object is not bilater- 
ally symmetric the movements of the 
hands become asynchronous and alter- 
nating—one hand moving and the other 
acting as a reference point for the ex- 
ploration. 

In a fashion as descriptive as the 
above, many aspects of touch were ana- 
lyzed: monomanual touch, touch with 
various fingers immobilized, passive 
touch, touch with instruments includ- 
ing artificial limbs, touch in the physi- 
cally handicapped, touch in the process 
of manual labor, etc. 

One hypothesis presented in this 
monograph, namely, that the nature of 
the interaction between receptor and 
object determines the Properties of the 

perception, has been further investi- 
gated by Vekker and Lope (1961). 
These experimenters moved geometric 
forms with sides of various composi- 
tions across a subject’s passive finger. 
They report a curvilinear relation be- 
tween the roughness and estimated 


length. The smoothest and very rough- 
est lengths were estimated as longer 
than similar lengths of intermediate 
roughness. The same results were ob- 
tained with active touch using a single 
finger. Duration of movement is posi- 
tively correlated with estimated length 
of object; if the duration is doubled, 
estimated length is increased by 50%. 

Another aspect of the use of informa- 
tion from moving stimuli reported in 
the same paper is that adequacy of per- 
ception of stimuli moving on a par- 
ticular part of the skin is positively 
correlated with the absolute threshold 
of that part of the skin. In this con- 
nection it should also be mentioned that 
Mileryan and Tkachenko (1961) re- 
ported some work in the tradition of 
classical threshold psychophysics, They 
Save subjects 12 days of practice in 
spatial discrimination of tactual stimuli. 
Their report indicates that thresholds 
decreased markedly for the practiced 
section of skin and the increased sensi- 
tivity generalized to neighboring areas 
decreasing as the areas became more re- 
mote. There was, however, complete bi- 
lateral transfer of improved discrimi- 
nation, 

Anan’ev and his colleagues suggested 
that tactual perception is more primi- 
tive ontogenetically than visual percep- 
tion. They repeat rather often the as- 
sertion that touch teaches vision. No 
evidence is presented for this assertion, 
but the following investigations of Zin- 
chenko are concerned with the develop- 
ment of tactual and visual perception 
and with cross-modal perception. 

Zinchenko (1957; Zinchenko, Lomov, 
& Ruzskaya, 1959) was struck by the 
obvious fact that gross eye movements 
are not necessary for perception of ob- 
jects by adults. This Posed an immedi- 
ate problem for a motor theory of per- 
ception. Moreover he observed that al- 
though the hand was the organ par 
excellence for the motor-copy theory, it 
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could also, under unusual conditions, 
Perceive while remaining quite passive. 
Reviewing results of other investi- 
gators (both Soviet and Western) Zin- 
chenko (1957) concluded that: (a) 
Young children (3 years old) do not 
initially visually differentiate geometric 
forms presented to them. They orient 
towards the forms tactually and only 
when the hand movements around the 
contour of the objects become orderly 
do the eyes begin to track the hands. 
Tactual differentiation precedes visual 
differentiation, (b) Tactual identifica- 
tion of unfamiliar objects by adults is 
quite slow, requiring much preliminary 
exploration. It becomes almost instan- 
taneous as the object becomes very fa- 
miliar, (c) Visual inspection of new 
Objects also involves many large move- 
ments initially. With repeated inspec- 
tion these movements become more ab- 
Teviated and conform more closely to 
the contour of the object, finally drop- 
on out completely. On the basis of 
dhe analyses of previous work, Zin- 
enko felt that visual and tactual per- 
Ception were not as different as had 
een previously considered. 
an hese considerations inspired an ad- 
‘onal series of studies on the com- 
oe development of touch and vi- 
i. (pali-temn, Zinchenko, & Ruzs- 
960" a Lavrent’eva & Ruzskaya, 
Bide ee & Zinchenko, 1960; 
tsin, & T 1960; Zinchenko, Chzhi- 
Bunks arakanov, 1962; Zinchenko & 
ya, 1960a, 1960b). 
Wera oe of these experiments 
forms onered with the perception of 
a a oth within one sense modality 


Were p oss modally. The forms used 


Cutouts ther amorphous two-dimensional 
Gaydos adapted from those used by 


Senteq tose). The stimulus was pre- 
ally an the ‘Subject visually or tactu- 
nize it en the subject to recog- 
oF tactual] €n presented either visually 

Y along with two other forms. 


The subjects were preschool children 
aged 3 to 7. Quantitative observations 
included percentage of errors in recog- 
nition and amount of time spent in the 
recognition part of the task. Qualita- 
tive observations were made of the type 
of exploratory movements, both hand 
and eye, which occurred as the children 
performed the task. 

In general, errors decreased with age. 
Wherever big improvement in error 
score occurred it was interpreted in 
light of the changes in hand and/or 
eye movements which occurred along 
with it. Thus eye movements of 3—4 
year olds in the visual-visual combina- 
tion did not follow the contour of the 
form, but consisted of saccadic move- 
ments almost entirely inside the con- 
tour. These children made approxi- 
mately 50% errors. The 4-5 year olds 
made 28.5% errors and their eye move- 
ments conformed much more closely to 
the contour. 

These experiments while quite inter- 
esting in principle are somewhat disap- 
pointing in execution. Control for or- 
der and practice effects appears to be 
lacking. Sometimes much is made of 
small differences in percentage of errors 
which probably would not be significant 
if statistical analyses were made. The 
results are suggestive nevertheless and 
the percentage of errors for the differ- 
ent tasks is shown in Table 1. 

The next experiments in the series 
were designed to study procedures for 
improving performance on this type of 
task. Lavrent’eva and Ruzskaya (1960) 
tried to improve cross-modal matching 
in children by making the task one of 
simultaneous matching rather than suc- 
cessive, on the supposition that the 
poor performance of the younger chil- 
dren might be due to the memory Te- 
quirements of the successive situation. 
Children were shown one stimulus in 
one sense modality and asked to recog- 
nize it simultaneously from a group of 
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TABLE 1 
PERCENTAGE OF ERRORS IN RECOGNITION OF PERCEIVED FIGURES 
At Percentage of errors at age: 
iti f B! 
Condition of Condition o! a si 

fiiual perception recognition 3-4 4-5 5-6 6-7 
Visual Visual 50.0 28.5 0 2.5 
Visual Tactual —* 73.0 34.0 23.2 
Tactual Tactual 47.7 42.3 25.0 23.1 
Tactual Visual 70.5 42.3 38.5 40.4 


a Subjects unable to respond meaningfully to this task. 


three through the other modality. To 
the surprise of the investigators, per- 
formance was worse on this simultane- 
ous task than on the previous successive 
tasks, particularly for the younger chil- 
dren. The relative failure of the younger 
children is attributed to their tendency 
to orient towards the recognition stimuli 
and not towards the single stimulus to 
be matched. This conclusion is sup- 
ported by data of exploratory time 
spent with the different stimuli. The 
children who spend practically no time 
examining the stimulus to be matched 
can hardly develop an image of it. The 
older children do spend as much as one 
third of their total time exploring the 
single stimulus and consequently do 
relatively better. 

The second procedure used to im- 
prove performance was reported by 
Tarakanov and Zinchenko (1960). 
They had one group of children ex- 
amine a stimulus tactually and visually 
for 10 seconds, then recognize it from 
among three, tactually by one sub- 
group and visually by another. A sec- 
ond group was required to fit the initial 
stimulus form into one of three holes 
which matched it in size and shape. In 
this case, the second group was mark- 
edly superior to the first group on both 
visual and tactual recognition tasks. 
The superiority of the second group is 
attributed to the fact that the practical 
task required of the subjects insured 
that the proper aspects of the stimuli 
were attended to. The authors suggest 


that generally children of this age learn 
more when performing a practical ac- 
tivity than when instructed to remem- 
ber something for subsequent use. 

Finally, a straightforward attempt to 
train children to perform such a match- 
ing task was made by Chzhi-Tsin, Zin- 
chenko, and Ruzskaya (1961), Chil- 
dren were given three successive stages 
of training. In the first stage the sub- 
ject was asked to follow, by eye, the 
movement of a pointer with which the 
experimenter traced around the contour 
of the stimulus form, In the second 
Stage the subject was shown how to 
grope (with his fingers) around the 
contours of the forms presented tac- 
tually. In the third stage the subject 
was asked to move his own finger 
around the contour of the original single 
stimulus and to follow his own move- 
ments by eye. Error scores indicated 
that performance improved at each 
training stage but the biggest improve- 
ment occurred at the first stage. The 
authors concluded that requiring the 
subject to visually follow the experi- 
menter’s pointer moving around the 
contour, is the most effective procedure 
and it remains effective longest. How- 
ever, no controls were included for 
order and practice effects of the suc- 
cessive stages of training so the con- 
clusions must be accepted with extreme 
caution. 

In reviewing the results of several 
of these experiments, Zinchenko and 
Ruzskaya (1960b) noted that, under 
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various conditions, visual perception 
Proceeds sooner and more accurately 
than tactual, and that tactual percep- 
tion interferes in some cases with vis- 
ual. These results forced them to reject 
their initial formula that the hand 
teaches the eye. 
The experiments considered so far 
have all involved receptor systems in 
which the receptor organs and the 
organ “copying” the stimulus were one 
and the same, the eye or the hand. A 
more critical demonstration of the gen- 
erality of their motor-copy theory would 
be in a modality of perception for 
which such correspondence was not the 
Case. Leont’ev and his colleagues have 
conducted a series of experiments on 
pitch perception with just such an aim 
I view. The ear, of course, is the 
Pe a organ for auditory stimuli, but 
: any motor system is involved in 
Opying the physical stimulus it would 
the voice musculature. Leont’ev ap- 
Proached the study of pitch perception 
Y trying to isolate it from its depend- 
ence on timbre, 
wae initial experiment was the de- 
> imation of the difference threshold 
E Pitch, first in the classical manner, 
ates a with pure tones, and again 
taken e pitch-timbre correspondence 
a a by adding specific harmonics 
1960) = tone (Gippenreiter, 1957, 
involved oth threshold determinations 
a Seria presentation to the subject of 
asked : of pairs of tones. Subjects were 
was hi o Judge which of the two tones 
'gher in pitch. 
Classical thresholds determined in the 
Usical manner ranged from 5 to 135 
reshold cents. The timbre-distorted 
eise Si (tdt) showed a sharp in- 
reshotq most cases over the classical 
“Ss: Three groups of subjects 
4 a neuished: a small minority 
wa ose thresholds did not change; 
etetiora P (57%) whose thresholds 
€d moderately, for example, 


by a factor of three or four; and a 
third group (30%) whose thresholds 
for all intents and purposes deteriorated 
so as to be unmeasurable (specifically 
being greater than 1,200 musical cents). 
There also appeared to be little cor- 
relation between threshold for pure 
pitch and tdt’s. This fact is interpreted 
as supporting a hypothesis that there 
are two separate systems involving the 
perception of pitch. 

The next step, in investigating this 
problem, involved application of the 
motor-copy theory by studying the re- 
lation between ability to vocalize tones 
and ability to discriminate pitch. Three 
small studies were conducted (Gippen- 
reiter, 1958, 1960). The first began 
with a replication of the tdt determina- 
tions with a new group of subjects, then 
tdt values were obtained requiring the 
subject to vocalize the tones before 
making the judgments as to which 
tone was of higher pitch. This vocaliz- 
ing procedure resulted in a sharp 
decrease in threshold over the values 
obtained without vocalization. Some 
subjects were retested under instruc- 
tions to remain silent. Their thresholds 
reverted to the initial high values. The 
second study was a determination of 
tdt’s for people who had narrow ranges 
of accurate vocalization. For tones 
within this range these subjects had 
very small difference thresholds. Finally 
in the third small study it was deter- 
mined that the overall correlation be- 
tween accuracy of vocalization and tdt 
was .83. Such data provide correla- 
tional evidence of a close association 
between vocalization and discrimina- 
tion but they do not demonstrate the 
nature of this association. eee 

Further support for this association 
was adduced on the basis of experi- 
ments in which thresholds were deter- 
mined while the subject was asked to 
intonate a different note from the one 
presented (Ovchinnikova, 1958, 1960b). 
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Subjects with both small and large 
tdt’s were tested in this manner. They 
were required to sing a given note while 
tdt determinations were made at a 
different range on the scale. Subjects 
with large tdt’s were not much affected 
by singing. Their pitch thresholds were 
so bad to start with under these timbre- 
distorted conditions that they could not 
get worse. Of the 18 subjects in the 
groups with small tdt’s, 12 showed a 
marked increase in threshold when the 
determination was made while intonat- 
ing a note. The other 6 showed little 
change in threshold. Upon questioning, 
4 of these latter reported having had a 
good deal of experience singing in 
choruses. The inference from these 
results, that motor involvement causes 
the deterioration of threshold, is weak- 
ened by the possibility that the sound 
generated by the subject himself inter- 
fered with the task of discrimination. 
In addition it could be argued that the 
subject has to attend to two tasks and 
becomes less efficient. The interference 
criticism is eliminated in a purer experi- 
ment described below. The present 
experiment along with the other evi- 
dence accumulated is certainly sup- 
portive of the hypothesis of vocal- 
motor involvement in pitch perception. 

On the basis of the data, Leont’ey 
and his colleagues hypothesized that 
there are indeed two functional systems 
for auditory perception (Gippenreiter, 
1960; Leont’ev & Gippenreiter, 1959), 
They suggested that these perceptual 
systems develop early ontogenetically 
and independently—the one depending 
on speech training, the other on musical 


training. In some cases the system de- 
pending on speech training develops 
normally and replaces or suppresses the 
other system in which pure pitch dis- 
criminations are important. In lan- 
guages such as Vietnamese where the 
pitch itself carries meaning, there 
should be no chance for such replace- 
ment or suppression. With these con- 
siderations in mind the original pure 
tone and tdt experiments were carried 
out on a group of 20 Vietnamese college 
students. Table 2 abstracted from 
Leont’ev and Gippenreiter (1959) pre- 
sents a comparison of the results ob- 
tained from Russians and Vietnamese. 

Having gone about as far as possible 
to support the motor-copy theory on 
the basis of normative data, the next 
step was to try to experimentally 
manipulate the precision of perception 
of this timbre-distorted pitch—in short, 
training experiments. Two methods of 
training were tried (Ovchinnikova, 
1959a, 1959b, 1960b). The first was a 
sensory training method consisting es- 
sentially of correcting the subject dur- 
ing the same Psychophysical procedure 
that was used to test thresholds, Be- 
fore and after this training, tdt’s were 
determined as were thresholds for pure 
tones. This training, carried out on nine 
subjects, resulted in a decrease in 
threshold for the pure tones but no 
significant generalization to the timbre- 
distorted tones, 

The second method involved motor 
training. Here subjects were presented 
with single pure tones and were asked 
to sing them. The experimenter verbally 
corrected the subject’s performance, 


TABLE 2 
PERCENTAGE OF SUBJECTS WITH INDICATED CHANGE OF TDT 


Increased by 


Increased by a 


a factor Increased by a factor of 5 
Group Unchanged of 2 factor 2-4 or more 
© Vietnamese 50 25 25 r 
Russian 26 20 13.5 


40.5 
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coaching him on to the correct tone. 
AIL nine subjects given this motor 
training improved in their ability to 
intonate these tones accurately and all 
Improved considerably in their idt’s. 
Those who improved most reported 
singing the notes to themselves. Those 
who improved least did not sing the 
notes. When the latter subjects were 
Instructed to sing the notes aloud 
before making discriminative judg- 
ments, their tdt’s dropped to a much 
lower level. 

The authors interpreted this as sug- 
Sesting that, on the basis of reinforce- 
ment, an association is established be- 
tween the pitch of the sound and a 
Particular activity of the vocal chords. 
activity then serves as an in- 
tion of the pitch. Such an interpreta- 
ee le two-level theory of per- 
i 7 (which is, of course, implicit in 
A hole motor-copy hypothesis) in 
en an apparently lower-level reflex 
fe nse occurs which forms the basis 

: e conscious discrimination of pitch. 
dice eee of these investiga- 
wota histovich and her colleagues 

in in the Pavlovian Institute in 
5 = have also studied the role 

Sito a in auditory perception 
960; i Rot peg ine & Albul’yan, 
1961 a svici, Klass, & Alekin, 

sai to he general her approach has 
or discri ve subjects repeat (identify) 
ments) miite (same-different judg- 
curacy a presented to them. Ac- 
hation oth repetition and discrimi- 
sounds Ao better for languagelike 
fais aan for random tones. Quanti- 
oe aaron of the results was car- 
n terms of information trans- 


T 
it és Teturn to Leont’ev, his model, as 
considered aas been presented, can be 
in teca to involve a stimulus excit- 
2 ie Ptor organ (sensory link) and 
response (motor link), the 


latter sen 
Serving as a mediator. The final 


two experiments in the series replace 
the sensory link on the one hand 
(Leontev, 1960) and the motor link on 
the other hand (Ovchinnikova, 1960a). 

The auditory sensory link was re- 
placed as follows: Instead of sounding 
a note, a vibratory stimulus was ap- 
plied to the skin of the subject. Vibra- 
tory stimulation, according to Leont’ev, 
has, like sound, two often confused 
parameters, specifically frequency and 
intensity. That is, increasing the in- 
tensity of the vibration typically results 
in a decrease of perceived frequency 
and conversely. A noiseless vibrator 
was applied to the index finger in this 
study. At first, frequency difference 
thresholds were obtained for vibrations 
of the same intensity, then with the 
intensity of one stimulus half that of 
the other. In the latter case the dif- 
ference threshold was increased by a 
factor of three to five. The subjects 
were then trained to intonate notes of 
the same frequency as the vibratory 
stimuli. Slowly, on the basis of verbal 
reinforcement from the experimenter 
they became able to match the fre- 
quency of the stimuli with their voices. 
Difference thresholds were  redeter- 
mined and differential sensitivity to 
these amplitude-distorted vibrations had 
increased. 

In the experiment in which the 
motor link was replaced, the auditory 
system was utilized as in the earlier 
experiments on pitch. But here when 
a note was sounded instead of singing 
it as in the previous auditory motor 
training procedure, the subjects were 
asked to press a key with a pressure 
defined by an arbitrary scale which 
linearly related pressure to frequency. 
The experimenter verbally corrected 
the subject’s pressure. The experiment 
was carried out with three subjects who 
initially had large tdt’s. After numerous 
(25-33) training sessions the subjects 
learned this arbitrary scale. Their tdt’s 
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were then redetermined and showed 
large increases in sensitivity. Further- 
more if the subject’s hand was involved 
in some extraneous task his tdt’s re- 
verted back to the initial high levels. 

These are rather clever experiments 
with which the series is ended, but the 
last experiment contradicts the motor- 
copy hypothesis. In particular, the sub- 
ject does not have to produce a tone 
with his muscle pressure in order to 
differentiate pitch. Interestingly the 
apparatus was wired so that the sub- 
ject’s pressure produced a tone via an 
audio oscillator. However, the subject 
did not hear the tone. The experimenter 
monitored the pressure by watching 
the tone on an oscilloscope. It would 
seem as if the copy part of the motor- 
copy hypothesis has been shown to be 
unnecessary in this experiment. 

There have been no other such sys- 
tematic, theoretically integrated re- 
search programs carried out in auditory 
perception by Soviet psychologists al- 
though the work of Chistovich referred 
to briefly above approaches this in 
Some respects and is of very high 
quality. Chistovich’s colleague, Maru- 
seva (1959a, 1959b), has extensively 
studied the functioning of the auditory 
system both in children and adults. 
This work has also been concerned with 
determination of sensitivity and with 
possible ways of increasing sensitivity 
but has been done from a more strictly 
classical psychophysiological point of 
view. There has been a recent attempt 
to relate individual differences in audi- 
tory perception to occupation (Kalikin- 
skii, 196la, 1961b) and a study of the 
development of speech comprehension 
(Liamina, 1960), but such work seems 
to be sporadic and of questionable 
quality. 

Some work on visual perception has 
been described in various connections 
but Soviet contributions in this area 
have generally not been systematic or 


profound. General discussions of per- 
ception such as Anan’ev’s (1960) 
adopt a generally empirical approach to 
visual perception. Within this point of 
view some of the classical problems of 
space perception are interpreted from 
a Pavlovian model of learning. Thus 
some of the classical cues like conver- 
sence, accommodation, etc., become con- 
ditioned stimuli for the perception of 
depth. The Soviet interpretation would 
like, as usual, a reflex response to form 
the initial basis of depth discrimina- 
tion. Such an argument can be made 
for convergence and accommodation. 
Ananev (1960) finds it difficult in the 
case of retinal disparity. But by a 
rather abstruse route he also attempts 
to put this on a reflex basis (pp. 154- 
160). He cites experiments conducted 
in his laboratory which indicate that 
eye dominance shifts with change of 
viewing distance. He then suggests that 
this shift of eye dominance is the con- 
ditioned reflex to a change of distance. 
Even granting this claim, it is not clear 
to this reviewer how the function of 
retinal disparity in depth perception is 
thereby explained. 

The problem of constancy has been 
approached more or less systematically 
by Georgian psychologists, They have 
been working in the context of Uznadze’s 
theory of set. Many psychological 
phenomona are interpreted as manifes- 
tations of established sets, A thorough 
exposition of this point of view is 
Presented by Prangishvili and Khod2- 
hava (1958). In fairness it should be 
Stated that the proponents of this 
school are concerned both with how to 
establish a set and its subsequent ef- 
fects. However, it appears to be 4 
rather naive approach and does not 
offer very Satisfying explanations, When 
the concept of set is applied to the 
problem of constancy, we find, for ex- 
ample, Natadze (1961) simply sug- 
gesting that all theories of constancy 
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demand some sort of evaluation of the 
Situation by the subject and since this 
goes on unconsciously it may be simply 
that the subject is set for a particular 
situation. The same author (Natadze, 
1960) describes an apparatus similar to 
that of Holway and Boring (1941) for 
varying the amount of information 
(secondary spatial cues) available to 
the subject as to the distance at which 
Ne is making size judgments. When he 
Is thus set for the actual distance, con- 
stancy is good. Working in the opposite 
direction, Adamashvili (1960) creates 
a false set and shows how this distorts 
Size judgments. Part of his report con- 
cerns the way in which independent 
Variation of size and distance of stimuli 
can effect the set established in the 

subject, 
Bzhalava - (1962) has applied the 
Concert of set to figural aftereffects of 
e Köhler-Wallach and Gibson types. 
Kay line of reasoning as far as the 
EÈ a allaah aftereffects are con- 
PR is that fixation of the inspection 
abe induces a set to see a particular 
uct nt in a particular part of the 
ae a eld. When a smaller or larger 
Sure is subsequently introduced, 


a . P 
5 is illusion results in the test 
a looking even smaller or larger 


it actually is. Experiments are 
ma in which such contrast effects 
EE ained when the inspection and 
z Sures differ considerably in shape. 
the y oe is provocative, but all 
effects ations of Kéhler-Wallach after- 
and a cannot be so simply handled, 
eneral iteal demonstration that a 
eA. et can handle these phenomena 
Precise . on a careful analysis of the 
tion oft apes perceived upon presenta- 
is e test figures. Such an analysis 
has p Presented, Finally “set” so far 
tute ae too vaguely defined to consti- 

The e Planatory concept. 
aspects Ps isolated studies on other 
visual perception to be found 


in Soviet psychology. For example, Dy- 
merskii (1960) completed a dissertation 
on the perception of spatial-temporal 
relations. He was primarily interested 
in the cues used by pilots in landing 
airplanes. Using experimental studies of 
the perception of distance by moving 
observers, the practical experience of 
pilots, and mathematical analysis, he 
established a general relation between 
perceived distance and various com- 
ponents of angular acceleration. In ad- 
dition, it was suggested that the op- 
timum place a pilot should look in 
landing an airplane depends on the dif- 
ference between the change of angular 
velocity due to changing altitude and 
the change in angular velocity due to 
change in direction of movement with 
respect to the ground surface. 

Another example is the work of 
Fonarey (1959) who investigated the 
presence of conjugate eye movements 
in neonates. He found that in the 
absence of visual stimulation (very low 
uniform illumination) the majority of 
neonates’ eye movements were con- 
jugate. However, introduction of a 
stimulus inhibits this conjunction and 
the majority of eye movements become 
disjunctive. 

An interest in eye movements is quite 
congruent with the motor-copy theory 
as suggested previously and there is a 
large amount of interest in eye move- 
ments but no systematic research pro- 
grams. Luriya, Providina-vinarskaya, 
and Yarbus (1961) present an interest- 
ing study of a case of optic ataxia in 
which the patient could fixate and 
track a moving stimulus but was unable 
to shift point of fixation at will. Zin- 
chenko (1957) was interested in the 
possibility of conditioning exploratory 
eye movements. He found that, under 
certain conditions of practice, eye 
movements anticipated the onset of a 
light stimulus if an appropriate signal 
preceded it. Khomskaya (1962) has 
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studied eye movements from the point 
of view of determination of the neces- 
sary stimulus conditions for movement. 
She recorded eye movements by means 
of photoelectric cells activated by light 
reflected from the eye. Subjects were 
asked to perform four tasks: (a) to 
look back and forth between two points 
separated by a visual angle of 30 de- 
grees, (b) to follow a moving light 
which moved back and forth at rates of 
.32-2.08 cycles per second, (c) to 
repeat Task @ to see if fatigue effects 
occurred, and (d) to track a moving 
light by memory, that is, to continue 
tracking movements after the moving 
light was extinguished. In Task a 
saccadic movements occurred between 
the two points with short fixations at 
the two points. The frequency of the 
movements was very constant for each 
subject but large individual differences 
were noted. In Task 5 eye movements 
tracked the light quite closely at low 
frequencies but at high frequency 
movements became saccadic again. In 
Task c there were no differences from 
Task a. And in Task d as soon as the 
actual moving light was extinguished, 
the subject’s eye movements became 
saccadic, 

One final significant trend in the 
Soviet study of perception is the ap- 
plication of mathematical methods. The 
dominant figure in this work is E. N. 
Sokolov, better known for his work on 
the orienting reflex. Sokolov and Mik- 
halevskaya (1961a, 1962) have applied 
mathematical techniques to evaluation 
of the effectiveness of near-threshold 
stimuli. In one case they used Bayes 
theorem to estimate the conditional 
probability that the stimulus had oc- 
curred given that a particular EEG 
response was present. In another case, 
an investigation of sensitivity to light, 

they empirically determined the general 
relation between reaction time and in- 


tensity of light stimulus. After fixing 


confidence bounds for the function, 
they were able to estimate the prob- 
ability that specific stimuli were above, 
at, or below threshold, given a par- 
ticular reaction time, threshold being 
defined as that value of stimulus per- 
ceived a certain percentage of the time. 

A few years ago Sokolov became 
concerned with scanning mechanisms 
which might be used for letter recogni- 
tion. His approach (Arana, 1961; 
Sokolov, 1960) was to look at an 
ideally efficient form of scanning þe- 
havior (one which minimizes area 
scanned) and to compare this with 
actual behavior of subjects. Letters of 
the alphabet were to be individually 
scanned until recognition occurred. To 
make the experimental situation one of 
sequential scanning a tactual task was 
used with vision precluded, 

A probability model for ideal scan- 
ning was constructed using successive 
application of Bayes theorem. That is, 
given that the nth square is filled, what 
is the Probability that the letter is A, 
By ©. wa P And given the new prob- 
abilities, what is ideally the next square 
to scan? Analyses of situations em- 
ploying various numbers of letters and 
fuzziness of letters have been made. 
A subject’s behavior in such situations 
show a gradual approach to the most 
efficient scanning behavior for the set 
of letters used. Using a large number 
of letters has the effect of increasing 
the number of superfluous scanning 
movements. But gradually increasing 
the number of letters after efficient 
scanning behavior has developed re- 
sults in preservation of the scanning 
Strategies developed by the subject. 

In another approach, Sokoloy and 
Mikhalevskaya (1961b) elaborated a 
probability and information analysis 
for discrimination situations, much like 
the analysis of Garner and Hake 
(1951). There is a lively interest in 
the application of information theory to 
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psychology in the Soviet Union. There 
conceivably are difficulties in integrat- 
ing an information-theory approach 
with Lenin’s copy theory. An informa- 
tion-theory model for perception would 
not seem to require that a “copy” of 
the stimulus arrive in the head since 
obtaining information strictly speaking 
only involves reducing the uncertainty 
in designating which stimulus has oc- 
curred. The reviewer, however, has seen 
no Soviet commentaries on any such 
difficulty so perhaps it is not the prob- 
lem he imagines, 
a This final area of Soviet research is 
Pparently one in which Soviet philos- 
ophy and the needs of the state have 
ee imposed their influence. But this is 
oe nan and, in general, it has been 
eo ed that the _Motor-copy theory 
on n resarch inspired by it have sanc- 
it nol the enouragement of orthodox 
pa philosophy. The theory and re- 
Renee reflect as well the emphasis on 
Bg processes derived from the 
a. physiological tradition. Several 
jee of the research, in visual per- 
ieee n, (aircraft landings), in auditory 
aa ta (occupational differences), 
i 7 ual perception (touch in man- 
Sete have a definite Practical 
tively jon. Soviet psychology isa rela- 
with fone enterprise in comparison 
hated rrean psychology. It is to be 
iiboro hat as it increases in size and 
‘i ance, and with a general liberal- 
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<peri: search on attitudes has used crude measuring instru- 
ih geen ei Anette of research design and analysis to overcome 
ambiguities of interpretation permitted by the measuring instrument, 
As a step toward more efficient selection of measuring instruments, this 
paper examines different types of instruments from the Point of view of 
the kinds of evidence they provide as a basis for assessing attitudes and 


ferred consists of: self-reports of beliefs, feelings, 
an object or class of objects; observed overt behavii 
reactions to or interpretation of Partially structure 
the object; performance on “objective” tasks w 
influenced by disposition toward the object; 


to the object. 


At least since LaPiere’s report (1934) 
of the discrepancy between the actual 
reception accorded him and a Chinese 
couple and the answers to a question- 
naire about accepting Chinese as guests, 
investigators have been concerned with 
the fact that different Procedures de- 
signed to assess the same attitudes have 
often led to quite different placements of 
the same individuals, and that observed 
behavior toward a social object (person, 
group, etc.) is frequently not what 
would have been Predicted from a 
given instrument intended to measure 
attitude toward that object. There have 


1 This paper was Prepared as part of a pro- 
gram of research on the measurement of social 
attitudes supported by grants from the Na- 
tional Science Foundation and the Air Force 
Office of Scientific Research, Many of our 
colleagues have contributed to our thinking 
about the problems discussed here. In par- 
ticular, we have gained insights and clarified 
our ideas through discussions with Donald T, 
Campbell, Isidor Chein, Barbara S. Dohren- 
wend, John S, Harding, Marie Jahoda, Irwin 
Katz, and M. Brewster Smith. It is perhaps 
unnecessary to add that there is no implication 
that any of these colleagues completely share 
the point of view expressed here. 

? Now at the University of Colorado. 
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classes of techniques are 
m which attitudes are in- 
behavior, etc., toward 
or toward the object; 
d material relevant to 
here functioning may be 
and physiological reactions 


been several types of reaction to such 
observed discrepancies, One has been 
to assume that there is a “true” atti- 


to gauge cor- 


rectly. A second has been to assume 


that there are different “classes” of 
attitudes toward a given object—for 
example, “verbal attitudes” and “ac- 
tion attitudes”—which should not neces- 
sarily be expected to correspond, An- 
other has been to equate attitude with 
behavior, using “attitude” simply as a 
descriptive term summarizing observed 
consistencies in behavior. Still another 
reaction has been to 
as an under] 


ters, along with other in 


Statements of beliefs 
ut the object and ap- 
actions with respect 


We prefer the lat 
because for us, as f 
port, 1954) 
lies in social behavior seem 


i s s to point to 
the operation of relatively stable under- 


ATTITUDE MEASUREMENT 37 


lying dispositions toward classes of 
objects. Further, we believe that ap- 
parent inconsistencies in social behavior 
may often best be understood in terms 
of the operation of such stable underly- 
ing dispositions in shifting relation to 
other influences on behavior. Finally, 
if validly distinguished, a dispositional 
concept has, by its very nature, a wider 
range of situational relevance—includ- 
ing projectability into relatively novel 
Situations—than a simple descriptive 
concept equating attitude with behavior 
In specified situations. 

We assume that two classes of varia- 
bles, in addition to an individual’s atti- 
tudinal disposition toward a given ob- 
Ject or class of objects, influence his 
behavior in situations involving the ob- 
ject or symbols of the object (includ- 
ing the behavior constituting his re- 
sponses to instruments designed to 
Measure attitude toward the object): 
(@) other characteristics of the indi- 
vidual, including his dispositions to- 
ward other objects represented in the 
Situation, values he holds that are en- 
gaged by the situation, his motivational 
State, his expressive style, and so on; 
(b) other characteristics of the situa- 
tion, including its prescriptions as to 
appropriate behavior, the expectations 
of Others in the situation with respect to 
the individual’s behavior, the possible or 
Probable consequences of various acts 
on his part, and so on. 

In this view, an attitude cannot be 
measured directly, but must always be 
inferred from behavior—whether the 
fan be language in which the in- 
ie a reports his feelings about the 
iyah le-object, performance of a task 
ae ving material related to the ob- 
tele (eg. recall of statements which 
ries hpi with respect to the ob- 
of ie r erie toward a representative 
a Object-class (e.g., avoidance of 
take > individual). Lazarsfeld (1959) 

Similar position in his discussion 


of latent structure analysis. He points 
out that there is a probability relation 
between an indicator and the underlying 
trait of which it is taken as an indica- 
tion; that is, a given trait does not in- 
variably produce a given behavior. He 
stresses that, in consequence, some in- 
consistency will always be found between 
different measures of a hypothesized 
trait, and that the task of the investiga- 
tor is to combine them into an “index” 
or “measurement” which represents the 
best inference that can be made from the 
manifold of empirical operations to the 
underlying characteristic they are as- 
sumed to reflect. 

This orientation leads to emphasis on 
the need for a number of different meas- 
urement approaches to provide a basis 
for estimating the common underlying 
disposition, and to the expectation that 
data from these approaches will not be 
perfectly correlated. However, it seems 
to us that it should be possible to in- 
crease the correspondence among the in- 
dicators by careful analysis of other 
factors that are likely to affect re- 
sponse to a given measuring instrument 
and by efforts to reduce or control the 
influence of those factors. Ideally, the 
goal would be to develop one or more 
measures from which the effects of all 
probable response determinants other 
than attitude toward the relevant ob- 
ject would be removed. This goal, how- 
ever, seems unlikely of achievement; 
therefore it seems to us important to 
work with a number of different meas- 
ures, in each of which an effort is made 
to eliminate or control in some system- 
atic way some identifiable influence on 
response other than the attitude in 
question. Since different influences will 
be controlled in different measures—and 
thus, conversely, different influences in 
addition to attitude will affect responses 
on the different measures—there will re- 
main a lack of full correspondence 
among scores on the different measures. 
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Social scientists have long recognized 
that factors other than an individual’s 
attitude toward an object may influence 
both his response to instruments de- 
signed to measure the attitude and his 
behavior toward the object in everyday 
life. Much recent work in the field of 
both personality and attitude measure- 
ment has been concerned with identify- 
ing the effects of such “extraneous” vari- 
ables as the tendency to agree (or to 
disagree) with statements regardless of 
their content (e.g., Bass, 1955; Cron- 
bach, 1946, 1950) or the wish to give 
a socially acceptable picture of oneself 
(eg., Edwards, 1953, 1957; Taylor, 
1961). Another interest has been in 
the development of indirect methods of 
attitude assessment (for a review of 
such methods, see Campbell, 1950). But 
attempts to develop indirect measures 
have, for the most part, been sporadic, 
and there has been little effort to exam- 
ine systematically the relation of dif- 
ferent indirect measures to each other 
or their relative Susceptibility to such 
influences as agreeing response set or 
social norms. 

Despite the general awareness of 
measurement Problems, examination of 
Teports of experimental research on 
attitudes shows the following picture: 
First, even investigators who hold very 
sophisticated theoretical Positions about 
the nature and functions of atti- 
tudes and the conditions for attitude 
change commonly use only a single atti- 
tude measure—typically quite crude 
in testing hypotheses derived from those 
theoretical positions. Second, most in- 
vestigators are aware of the possibility 
that responses to these instruments may 
be influenced by factors other than the 
attitudes they are intended to measure. 
Third, efforts are made to guard against 
the intrusion of such factors or to rule 
out interpretations based on the possi- 
bility that they have been operative. 

These safeguards usually take one or 


more of the following forms: sampling 
(e.g., selection of groups of subjects 
believed to differ in susceptibility to the 
extraneous influences most likely to be 
operative in the measurement situation), 
experimental design (e.g., the introduc- 
tion of control groups), internal analy- 
sis of the data (e.g., considering how 
the responses of subgroups of subjects 
might be expected to differ if one deter- 
minant rather than another were opera- 
tive). 

We do not mean to minimize the im- 
portance of such procedures. In any 
given study they may quite convincingly 
rule out the possibility that responses 
have been influenced by factors other 
than subjects’ attitudes toward the ob- 
Ject in question. Nevertheless, it seems 
to us that effort directed toward im- 


Proving measuring instruments might 
be at least equally useful, 


AN EXAMINATION OF DIFFERENT TYPES 

OF MEASURING INSTRUMENTS IN TERMS 

OF THE KINDS or EvIDENCE Tury Pro- 

VIDE AS A BASIS ror INFERENCES ABOUT 
ATTITUDE 


In most current research on attitudes, 


efforts directed Specifically toward im- 
proving measuring are 


limited to such matters as assuring 
to separate the 


1948; Weschler 


& Bernber 
Rather, we propo: tei 


se to examine broad 


ex, 
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classes of measurement techniques from 
the point of view of the kinds of evi- 
dence they provide and thus the nature 
of the inferences involved in estimating 
attitude. By “the nature of the infer- 
ences involved” we mean the grounds 
for believing that attitude toward the 
Presumed object is a determinant of 
Tesponses to the measuring instrument, 
and the bases for inferring the nature 
of the attitude from the characteristics 
of the responses (i.e., for considering a 
given response as indicative of a posi- 
tive or a negative disposition toward 
the object). 

We have found it useful to think in 
terms of five major groupings: (@) meas- 
ures in which the material from which 
inferences are drawn consists of self- 
reports of beliefs, feelings, behavior, etc., 
toward an object or class of objects; (b) 
Measures in which inferences are drawn 
from observed overt behavior toward 
= object; (c) measures in which in- 
oe are drawn from the individual’s 
dale to or interpretations of par- 
th y structured material relevant to 

e object; (d) measures in which in- 
i ein are drawn from performance on 
o Jective tasks where functioning may 
ee by disposition toward the 
de and (e) measures in which in- 
Wastin are drawn from physiological 
eee to the object. Not all of the 
atit T discussed have been used as 
oe = rps in the formal sense, but 
ae of them there is reason to be- 
Fa that attitude may be an im- 

i nt determinant of response and 

S that the technique could serve as 
asis for inferences about attitude. 
Sinem the adequacy of an in- 
consider as an indicator of attitude, 

a = a of its susceptibility to 
es uences is as important as con- 
a see = the grounds for believing 
Object is er TE disposition toward the 
aminin a eterminant of response. In 

8&8 measuring instruments from 


sid 


the point of view of the possible influence 
of factors other than attitude, we shall 
consider two major aspects: (a) the 
probability that overt responses may 
deviate from “private” responses—that 
is, the ease with which an individual 
can alter his responses to present a 
certain picture of himself; (b) the prob- 
ability that private responses may be 
influenced by determinants other than 
attitude, in the absence of any attempt 
to distort responses. 

Possibilities of influence of private 
response by factors other than attitude 
are, of course, almost limitless; we shall 
discuss only those that seem most prob- 
able with respect to each type of instru- 
ment. Susceptibility of overt response 
to distortion—that is, the possibility 
of discrepancy between private and 
overt response—would seem to be a 
function of three characteristics of the 
instrument: the extent to which its 
purpose is apparent, the extent to which 
the implications of specific responses 
are clear, and the extent to which re- 
sponses are subject to conscious control. 

In discussing the susceptibility of 
measures to distortion of responses and 
techniques developed to lessen the prob- 
ability of distortion, we assume that 
with respect to many attitudes the set- 
tings in which tests are usually ad- 
ministered tend to exert pressures in a 
constant direction. It seems reasonable 
to suppose that most respondents, pre- 
sented with tests in an academic setting 
or under the auspices of some other 
“respectable” organization, will assume 
that the responses which will place them 
in the most favorable light are those 
which represent them as well adjusted, 
unprejudiced, rational, open minded, 
and democratic. Moreover, since these 
are ideal norms at least in much of the 
American middle class, the pressures 
specific to the test situation are likely 
to coincide with inner pressures toward 
maintaining an image acceptable to the 
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self as well as to others. By “contro- 
versial social attitudes” we mean atti- 
tudes with respect to which such norms 
are operative. Some of our discussion, 
and especially some of our examples, 
concern techniques for making it easier 
for the individual to reveal himself as 
not well adjusted, not unprejudiced, etc., 
or for making it harder for him to por- 
tray himself, falsely, as well adjusted, 
unprejudiced, etc. While some assump- 
tion as to the probable direction of pres- 
sures operating in the situation is neces- 
sary for the concrete details of certain 
techniques, the principles involved do 
not hinge on the specific direction of 
pressures; given testing situations in 
which there is reason to believe that 
the pressures are predominantly in a 
different direction, the techniques can 
be modified accordingly. And many of 
the techniques require no assumption 
about the probable direction of pres- 
sures, being designed to reduce the ef- 


fects of extraneous influences in any 
direction. 


Measures in Which Inferences Are 
Drawn from Self-Reports of Beliefs, 
Feelings, Behaviors, etc 

By far the most 

method of securing mat 
to make inferences about an attitude is 
to ask an individual to reveal—either 
in his own words or through acceptance 
or rejection of standardized items—his 
beliefs about the attitudinal object, how 
he feels toward it, how he behaves or 
would behave toward it, how he believes 
it should be treated. 

The basis for inference is clear: it 
is axiomatic in all definitions that an 
individual’s attitude toward an object 
is indicated by his beliefs, feelings, and 
action orientation toward it. The nature 
of the inference is also clear: it is as- 
sumed that the relationship between 
attitude and expression is a direct one 
and that the attitude corresponds to 
the manifest, common-sense implications 


frequently used 
erial from which 


of the stated belief or feeling. For ex- 
ample, a stated belief that the object has 
characteristics usually considered de- 
sirable is taken as reflecting a favorable 
disposition toward it, and a stated be- 
lief that it has characteristics usually 
considered undesirable is taken as re- 
flecting an unfavorable disposition. 
Similarly, a report that the person 
avoids contact with the object is taken 
as indicating an unfavorable disposi- 
tion toward it, while a report that he 
does or would willingly enter into con- 
tact with it is taken as indicating a 
favorable disposition, 

In some definitions, attitude is con- 
sidered identical with, or simply a sum- 
mary of, beliefs, feelings, behavior, etc., 
toward the object; thus no problem of 
inference arises, However, in such defi- 
nitions some criteria must be adopted for 
choosing which behavior constitutes the 
Population of “attitudinal responses” to 
be sampled. The choice of such criteria 
would, we believe, depend upon an 
analysis essentially similar to our con- 
sideration of “extraneous influences” in 
the remainder of this paper, 

Self-report measures have a number 
of characteristics that make them sus- 
ceptible to distortion of overt responses. 
The Purpose of the instrument is obvious 
to the respondent; the implications of 
his answers are apparent to him; he can 


consciously control his responses. Thus 


s vorably, to preserve 
“image, or for some other 


e rather easily do so. This 
difficulty has long been recognized, and 


in recent years it has b i 
i € een ex 1 
Investigated under th aE aeach 


desirability,” 
have been devised t 


sidered undesirable ; 


; and to make it 
harder to give, false 


ly, answers that 
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may be considered desirable. Some of 
these techniques are focused primarily 
on reducing the likelihood that responses 
will be distorted in an attempt to meet 
the investigator’s expectations or to 
please him; others are addressed to re- 
ducing the influence on responses of a 
desire to maintain a certain self-image as 
well as that of a desire to please or 
impress the investigator. 

One of the simplest approaches to 
making the purpose of the instrument 
less apparent is the inclusion of items 
not relevant to the attitudinal object in 
which the investigator is interested. A 
variation of this approach is to include 
in each of the items a number of aspects 
in addition to that in which the investi- 
gator is interested; for example, if the 
Investigator is interested in attitudes to- 
ward one or more racial groups, each 
item may refer to a hypothetical person 
characterized not only in terms of race 
but of age, sex, religion, occupation, etc. 
Approaches of either sort serve only 
to make the purpose of the test less ob- 
vious. They do not completely conceal 
or disguise it, nor can they do so within 
the format of self-report measures, 
which by definition call for the indi- 
Vidual’s own account of his reactions 
to the attitudinal object. 

Among the simplest, and most fre- 
ae aa used, approaches to making it 
ra to give answers that may be con- 
aoe undesirable are assurances of 
q onymity, statements to the effect that 
h T ne mae 
A people differ in their views on 
ae ce emphasis on the impor- 
anki honest answers in order to 
Sine ute to scientific knowledge or 
come aie presumably desirable out- 
thesia orts to build up rapport between 

i ner and respondent and to create 
Hok Paani that the questioner will 

i a of whatever views may 
essed. 
ther approaches are built into the 


inst é 
Tument itself: including items to 


which an unfavorable reply is likely to 
be considered acceptable (e.g., “Would 
you be willing to have a ditch digger as 
U. S. Congressman from your district?” 
—wWestie, 1952, 1953), in order to 
break down a possible set to give uni- 
formly favorable replies; including in 
the statement of a view that may be 
considered undesirable a qualification or 
a justification of it (e.g., “It is best that 
Jews should have their own fraternities 
and sororities, since they have their own 
particular interests and activities which 
they can best engage in together, just 
as Christians get along best in all-Chris- 
tian fraternities’—Adorno, Frenkel- 
Brunswik, Levenson, & Sanford, 1950) ; 
wording questions in such a way that 
they assume the respondent holds cer- 
tain views or has engaged in certain 
kinds of behavior (eg., “When did 
you first . . . ?”—Kinsey, Pomeroy, & 
Martin, 1948). 

Other approaches are designed to 
make it difficult to give, falsely, what 
may be considered a desirable answer 
In the measurement of personality, a 
major effort in this direction has been 
the use of forced-choice tests, where 
the respondent is asked to indicate 
which of two statements, matched in 
terms of social desirability but differing 
in their implications with respect to 
traits or needs, is closer to his own views 
or more descriptive of his own behavior. 
This approach has not been extensively 
used in the measurement of attitudes. 

In addition to their susceptibility to 
conscious distortion in order to give the 
picture the individual wishes to present 
of himself, responses to self-report meas- 
ures may be influenced by another set 
of characteristics presumably unrelated 
to attitude toward the object in ques- 
tion—characteristics frequently labeled 
“response set” or “expressive style.” It 
has long been noted that some individ- 
uals have a consistent tendency to agree 
(or to disagree) with items presented 
to them, regardless of their content; OT 
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to select, with more than chance fre- 
quency, the alternative which appears 
in a given position; or to give extreme 
(or moderate) answers. 

A number of techniques have been 
devised to reduce the effects of such 
tendencies on scores that are to be taken 
as indicative of attitudes. Perhaps the 
simplest and the most common approach 
to the problem of influence by a ten- 
dency to agree (or to disagree) is to 
vary the wording of items in such a way 
that for approximately half of them 
agreement represents a favorable re- 
sponse to the attitudinal object, and for 
half an unfavorable response. Other 
approaches to this problem involve set- 
ting up the instrument in such a way 
that responses do not take the form of 
expressing agreement or disagreement 
with one statement at a time. The in- 
strument may consist of pairs of state- 
ments representing roughly opposed 
points of view on a given issue, both 
statements being worded Positively or 


both worded negatively; the subject is 
asked to indic: 


own position, o 


on a scale running between the two 
statements, T) 


» developed by 
T. Campbell at 
illustrate this 


A. Fascists and Communists are entitled to 
preach their beliefs in this country, 

B. Only those who are in agreement with this 
country’s philosophy of government are 
entitled to preach their beliefs, 


In other instruments, the problem, at 
least in its obvious form, is avoided by 
using items that call for free response— 
open-ended questions, sentence stubs to 
be completed with the individual’s own 
responses, etc. 

An approach to correcting for the 
effects of a tendency to give extreme 
answers, or moderate answers, consists 
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in providing matched pairs of items, one 
referring to the attitudinal object, the 
other referring to some control object, 
and scoring in terms of the discrepancy 
between the two Tesponses. For ex- 
ample, if respondents are asked only, 
“Would you be willing to have a Negro 
bookkeeper live in the same apartment 
building you live in?” and are provided 
with a S-point response scale, it is 
impossible 


spondents who answer “very willing” 


nswer simply 
1 ude, in response style, 
or in both. Providing a parallel item 
with Tespect to a white bookkeeper and 
Scoring on the basis of discrepancy be- 
tween an individual’s responses to the 
Negro and the white removes the effects 


of response style from the score (Westie, 
1953), 


Susceptibility of self- 
to the two kinds of infl 
So far—desire to prese 
ture of oneself, and re 
lated to the content of items—clearly 
leads to the possibility of distortion of 
ous sense of lack 
ween the overt re- 
idual’s private be- 
views, etc. Still 
r, may influence 
] d feelings as well 
as his overt responses. While private 


action orientations 


report measures 
uences discussed 
nt a certain pic- 
sponse sets unre- 
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groes is not devaluing may know and 
State as his belief that the average scho- 
lastic achievement of Negroes in the 
United States is lower than that of 
whites. A person with a devaluing atti- 
tude toward Negroes may nevertheless 
believe that they should not be de- 
prived of the right to vote, because he 
this right as an essential ingredient 
oe a person whose attitude 
= ES egroes is not devaluing may 
seh Ppa to laws forbidding discrimi- 
tere “sg sale and rental of housing 
right a e places great store on the 
he a to do with his property 
Mon E extent that such other influ- 
= ot. ect different items differently, 
vai : ct only certain items, this prob- 
oe been attacked by examining 
ie. na for consistency, eliminating 
ea which show low agreement with 
hea scores, or eliminating those to 
pie responses do not fall on a unidi- 
sional scale. 
7 om technique may help to reduce 
thins ne for extraneous influence from 
Storia jan one source. For example, 
er G in terms of discrepancy between 
a to items concerning the atti- 
ee object and comparable items 
oe control object may provide a 
oF ane a for the effects of other values 
wal ce al engaged by the items as 
ones or response sets. _Asking the 
oma to choose which of two 
it, ae is closer to his views may 
Wears eliminate the influence both of 
heater and of concern with the 
i ily of responses, if the al- 
ge es provided are equivalent in 
Spects. 

tine hoe may a given technique serve 
ment ma one function; a given instru- 
nigues aa embody a number of tech- 
6 ee Risse: to reduce the influence 
estier ne factors. For example, in 
i, t ( 953) Summated Differences 
» the subject is presented with hypo- 


thetical persons of specified race (Negro 
or white) and occupation (eight occu- 
pations, ranging from ditch digger to 
banker, plus “the average man”), and 
asked to indicate, on 5-point scales, his 
willingness to accept each of these 18 
hypothetical persons in each of 24 rela- 
tionships—a total of 432 items. Some 
of the items are such that a negative 
answer is likely to be considered ac- 
ceptable by most people (e.g., unwilling- 
ness to vote for a machine operator, 
whether white or Negro, as President of 
the United States is not likely to be 
seen as an expression of “prejudice”), 
thus presumably breaking down a possi- 
ble tendency to give uniformly favorable 
answers whether through an acquiescent 
response set or through a desire to give 
a picture of oneself as unprejudiced. 
The large number of items, and the 
format of the questionnaire, make it 
extremely unlikely that the subject can 
remember or check his response to a 
given item with respect to one racial 
group when he is answering the com- 
parable item concerning the other group. 
Scoring on the basis of discrepancy be- 
tween parallel items referring to whites 
and Negroes takes account both of possi- 
ble response sets and of the influence of 
the specified occupation and the specified 
situation. Thus, this instrument adds to 
the basic social distance questionnaire 
a number of techniques designed to 
make the focus of the investigator’s 
interest less apparent, to make it easier 
to give answers that might be considered 
undesirable, to correct for possible re- 
sponse sets, and to some extent to take 
account of other values or meanings 


that may affect responses. 


Measures in Which Inferences Are 
Drawn from Observation of Overt 
Behavior 

have pointed out 
ing measures in 
mbers 


Many investigators 
the desirability of us 
which overt behavior toward me 


44 STUART W. COOK AND CLAIRE SELLTIZ 


of a class of objects would serve as a 
basis for inferences about attitude to- 
ward the object-class. As with self- 
report measures, the basis for inference 
is clear; all definitions of attitude specify 
that behavior can be taken as an indi- 
cator of attitude. And, as in the case of 
self-report measures, the usual assump- 
tion is that there is a simple correspond- 
ence between the nature of the behavior 
and the nature of the underlying atti- 
tude; for example, that friendly be- 
havior toward a member of a given class 
of objects indicates a favorable attitude 
toward the object-class. 

There has been much less extensive 
development of measures of this sort 
than of self-report measures. Situations 
capable of eliciting behavior toward an 
attitudinal object are more difficult to 
devise and to standardize, and more 
time consuming and costly to administer, 
than self-report measures. Although 
some measures of this type have been 
devised, they have not been widely 
enough used to provide much evidence 
as to their specific strengths and weak- 
nesses nor to stimulate efforts to correct 
for shortcomings. However, analysis of 
their characteristics can provide esti- 
mates as to their probable susceptibility 
to influences other than attitude and 
possibilities of reducing such suscepti- 
bility. 

Attempts to develop behavioral meas- 
ures have followed three general lines. 
One consists in presenting subjects with 
standardized situations that they are 
led to believe are unstaged, in which 
they believe that their behavior will 
have consequences, and in which the 
attitudinal object is represented in some 
way other than by the actual presence of 
a member of the object-class. For ex- 
ample, subjects may be asked to sign a 
petition on behalf of an instructor about 
to be discharged for membership in the 

Communist party, to contribute money 
for the improvement of conditions for 


migratory workers, to indicate whether 
they would be willing to have a Negro 
roommate. DeFleur and Westie (1958) 
have attempted to develop a measure of 
this sort which is appropriate for use in 
many different testing situations, In 
their procedure, as part of a larger pro- 
gram of research, white subjects viewed 
a number of colored photographic slides 
showing a young Negro man and a 
young white woman, or a young white 
man and a young Negro woman, in a 
social setting; subjects described the 
Pictures and answered specific questions 
about them. At the close of an inter- 
view following this session the measure- 
ment procedure being discussed here was 
introduced. DeFleur and Westie de- 
scribe the procedure as follows: The 
subject was told that another set of such 
slides was needed for further research, 
was asked if he (or she) would be 
willing to be photographed with a Negro 
of the opposite sex, and then was given 
“a standard Photograph release agree- 
ment,” containing a variety of uses to 
which such a photograph would be put, 
ranging from laboratory experiments 
where it would be seen only by profes- 
sional sociologists, to a nationwide pub- 
licity campaign advocating racial inte- 
gration. The subject was asked to sign 
his name to each use of the photograph 
which he would permit. These investiga- 
tors report that subjects “uniformly 
Perceived the behavioral situation posed 
for them as a highly realistic request.” 

Such devices differ from self-report 
measures with similar content in that, in 
the behavioral measures, the subject 
either actually carries out the behavior 
(signs a petition, makes a contribution, 
etc.) or is led to believe that his agree- 
ment to do so will lead to real-life 
consequences (being asked to pose for a 
photograph to be put to specified uses, 
being assigned a Negro roommate, etc.). 

Another approach is to present the 
subject with an admittedly staged situa- 
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tion and ask him to play a role—per- 
haps to behave as he would in such a 
Situation in real life, perhaps to take 
the part of someone else or to act in 
Some specified way. Stanton and Litwak 
(1955) presented actual and potential 
foster parents with situations of inter- 
Personal stress in which they were in- 
structed to behave in a given way 
(defined as not manifesting specified 
undesirable or neurotic kinds of be- 
havior) ; for example, in one scene the 
Subject was instructed that he was to 
play the role of a married man, having 
ee with his parents; the investigator, 
oat = role of the man’s father, 
iis, wit is son like a child, criticized 
Thess e, and put him in the wrong. 
Basi investigators found that ratings 
i ona half-hour’s role playing were 
ae predictors of subjects’ behavior 
aa i parents (as rated by case work- 
them) 6 had sustained contact with 
Ho “ee were ratings based on 12 
haked intensive interviewing by a 
i social worker. Stanton, Back, 
claws itwak (1956) reported that a role- 
oe Re approach was successful in dis- 
Seer the limits of positive and 
“a mi feelings about public housing 
lg on the part of slum dwellers in 
Re o These investigators have 
Ses the importance of designing the 
vänt te pra a elicit responses rele- 
tude in m particular behavior or atti- 
ssie which the investigator is inter- 
2 at behavioral approach, used in 
grou F of attitudes toward social 
A ea as been to ask for sociometric 
arema mg individuals some of whom 
ably ud ers of the object group, prefer- 
bartich, er circumstances that lead the 
will LS to believe that such choices 
Subse oe consequences in the form of 
ion, = assignment in some situa- 
nique a applications of this tech- 
udes w the study of intergroup atti- 
ere made in studies by Moreno 


(see 1943) and by Criswell (1937, 
1939), in which patterns of choices by 
school children were analyzed in terms 
of the development of cleavage along 
racial lines. Subsequently, sociometric 
techniques have been used in research 
evaluating the effects of certain experi- 
ences on attitudes (e.g., Mann, 1959a; 
Mussen, 1950a, 1950b) and of the rela- 
tions among different aspects of attitudes 
(e.g., Mann, 1959b). 

There are differences among these 
three kinds of behavioral measures— 
situations appearing to the subject to 
be unstaged, role playing, and socio- 
metric choice—in characteristics that 
affect the probability that overt re- 
sponses will correspond to responses 
that would be shown if the individual 
were not concerned with presenting (to 
others or to himself) a certain picture 
of himself. Let us consider first the 
extent to which their purpose is ap- 
parent to the respondent, To the extent 
that the purportedly unstaged situations 
are accepted as genuine, the respondent 
will not see them as designed to get 
information about his attitudes; thus 
one possible source of pressure to give 
responses that are likely to be con- 
sidered desirable is eliminated. Never- 
theless, the implications of his behavior 
as revealing certain characteristics may 
be apparent to him; even if he accepts a 
question about his willingness to pose 
with a Negro or to have a Negro room- 
mate as genuine, he may be aware that 
a positive answer will have the effect of 
presenting him as unprejudiced, a nega- 
tive answer as prejudiced. Thus, even 
in the absence of awareness that he is 
being tested, an individual may be mo- 
tivated to give a response that differs 
from his spontaneous private one, in 
order to present himself to the ques- 
tioner as unprejudiced or to maintain his 
own image of himself as one who be- 
haves in an unprejudiced way. The 
sociometric choice method would appear 
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to be similar in these respects, though 
it may perhaps be assumed that, in the 
absence of special influences calling at- 
tention to racial or ethnic group mem- 
bership, the implications of the choices 
are less likely to be apparent. In the 
case of role playing, the extent to which 
the purpose of the situation and the 
implications of responses are clear pre- 
sumably depends on the convincingness 
with which the situation can be pre- 
sented as a measure of some other char- 
acteristic, such as acting ability. 

All of these behavioral approaches 
have characteristics that may operate to 
make it easier to respond in ways that 
may be considered undesirable. In many 
situations it is possible to justify a nega- 
tive response on neutral or acceptable 
grounds: one does not believe in sign- 
ing petitions, or he does not like to have 
his picture taken, or he prefers Persons 
A and B to X and Y because they share 
his interest in music. Or, in the role- 
playing situation, his behavior is shaped 
not by his own reactions toward the 
attitudinal object but by interest in the 
dramatic requirements of the situation. 
(To the extent that these alternative 
explanations are real Possibilities, how- 
ever, they introduce other problems 
about interpretation of the behavior as 
an indicator of the attitude in which 
the investigator is interested.) 

Some characteristics of the behavioral 
approaches may reduce the probability 
that the individual will modify his be- 
havior in order to present an acceptable 
picture of himself. When responses are 
expected to have real-life consequences, 
the anticipation of such consequences 
may counterbalance the wish to make 
a good impression. In a social distance 

questionnaire, if one wishes to present 
himself (to the tester, or to himself, or 
both) as unprejudiced, there is little 
effective pressure against saying that 
one would be willing to work with a 
Negro, or to have a Negro roommate; 


but if the question is posed in a context 
where a positive reply is seen as leading 
to assignment of a Negro as a co-worker 
or a roommate, one must weigh his will- 
ingness to accept that consequence 
against his wish to appear unprejudiced. 
In role playing, the pressure for quick 
response to unanticipated stimulus situa- 
tions probably operates to lessen con- 
scious control of behavior in order to 
produce a desired impression. Faced 
with the necessity of doing or saying 
something to keep the situation going, 
the individual may not have time to 
consider the impression he is making; 
to the extent that this is so, this ap- 
proach may be thought of as reducing 
the individual’s conscious selection of 
his response. 

Thus behavioral measures seem to be 
less susceptible than simple self-report 
measures to distortion of response in 
the interest of presenting a certain pic- 
ture of the self. But they are at least 
as susceptible as self-report measures to 
the effects of other extraneous influences. 
It has sometimes been suggested that the 
model of behavioral measures would be 
apparently unstaged situations in which 
a member of the object-class is present. 
But it is clear that behavior in everyday 
life situations (which this model seeks 
to approximate) is not determined ex- 
clusively by attitude toward the pre- 
sumed attitudinal object. In the case 
of behavior toward minority groups, for 
example, social custom is a major de- 
terminant; in communities with segre- 
gated transportation systems, almost 
all white people—regardless of their 
S toward Negroes or toward 
n—sit in the white section, 
n communities with unsegre- 
ansportation Systems, very few 
cople—regardless of their atti- 
refuse to sit next to Negroes. 
values may override attitudes 
toward the presumed object; an indi- 
vidual who feels physical revulsion at 


gated tr 
white p 
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the experience of eating with Negroes 
may nevertheless do so because he has 
come to believe that the ideals of democ- 
racy, or religious principles of brother- 
hood, or the position of the United 
States in the eyes of the world, require 
that all men be treated as equals. Fi- 
nally, other characteristics of the object 
individuals may predominate over their 
ethnic identification in determining re- 
sponse to them. Thus, LaPiere (1934) 
concluded that the factors which most 
influenced the behavior of hotel and res- 
taurant personnel to the Chinese couple 
with whom he was traveling “had noth- 
ing to do with race”; rather, it was the 
quality and condition of their clothing, 
the appearance of their baggage, their 
cleanliness and neatness, and above all, 
their self-confident and pleasant man- 
ner, that determined reactions. Observa- 
tions such as this suggest that, to the 
extent that one is interested in tapping 
generalized dispositions toward a given 
group rather than in predicting be- 
avior in specific situations, behavioral 
eae that call for response to a sym- 
ee representation of the group may be 
He subject to influence by extraneous 
ors than measures that call for re- 
Sponse to members of the group who are 

Physically present. 
a Campbell (1961) has suggested an 
— to the use of behavior meas- 
PY tine is based on the premise that 
old ri situations have different thresh- 
n or the manifestation of hostile, 
> ant, or discriminatory behavior. 
— a that, in order to secure evi- 
Ree about an individual’s attitude, it 
of Pa to place him in a number 
Religie with differing thresholds— 
2 Ne ig, for example, from eating with 
club fa at a business men’s luncheon 
See ee to be a situation with a 
Behe old for nondiscriminatory be- 
is easy p other words, one in which it 
Way) vo o behave in an unprejudiced 
renting one’s house to a Negro 


(assumed to have a high threshold for 
nondiscriminatory behavior). The low- 
est-threshold situation in which an indi- 
vidual exhibits discriminatory behavior 
would indicate his position on a scale 
of attitude with respect to the group in 
question. Such a procedure would be 
effective in taking account of pressures 
that are constant for all, or most, indi- 
viduals; it would not, it seems to us, rule 
out the effects of differences in the 
strength for different individuals of such 
influences as concern with social ap- 
proval, other values seen as relevant to 
the situation, etc. 


Measures in Which Inferences Are 
Drawn from the Individual’s Reaction 
to or Interpretation of Partially Struc- 
tured Stimuli 


The characteristic common to tech- 
niques in this category is that, while 
there may be no attempt to disguise 
the reference to the attitudinal object, 
the subject is not asked to state his 
own reactions directly; he is ostensibly 
describing a scene, a character, or the 
behavior of a third person. He may be 
presented with a photograph of a mem- 
ber of the object-class (usually a person 
of a given social group) and asked to 
describe his characteristics; or he may 
be presented with a scene in which mem- 
bers of the object-class are present and 
asked to describe it, to tell a story about 
it, to predict the behavior of one of the 
characters, etc. The stimulus material 
may be verbal rather than pictorial; for 
example, the subject may be asked to 
complete sentence stubs referring to a 
hypothetical third person. ; 

The bases for inferences about atti- 
tudes are those common to all projective 
tests: assumptions that perception of 
stimuli that are not clearly structured 
is influenced by the perceiver’s own 
needs and dispositions; that, asked to 
provide an explanation or interpretation 
for which the stimulus presented gives 
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no clear clue, the subject must draw on 
his own experience or his own disposi- 
tions or his own definitions of what 
would be probable or appropriate; that, 
asked to attribute behavior to others, 
especially under speed conditions, the 
most readily accessible source of hypoth- 
eses is the individual’s own response 
disposition. As in self-report and be- 
havioral tests, the usual assumption is 
that the expressed response corresponds 
directly to the individual’s attitude; for 
example, that attribution of desirable 
characteristics to a member of a given 
group represents a favorable attitude 
toward that group, that interpretation 
of a scene as one in which there is hos- 
tility toward a member of a given group 

represents a hostile attitude toward the 

group, that attribution of a positive (or 

a negative) response to a hypothetical 

third person with respect to a given 

object reflects a positive (or a negative) 

disposition toward the object in question, 

A major reason for the development 

of such techniques is the assumption 

that, by disguising the purpose of the 

instrument and the implications of re- 

sponses, they lessen the probability of 

distortion of responses in the interest of 

presenting a certain picture of the self. 

They are presented to the respondent 

not as measures of attitudes but as tests 
of imagination, verbal fluency, ability 
to judge character, social sensitivity, 
or some such characteristic. To the 
extent that the respondent accepts these 
explanations, he presumably is unaware 
not only of the purpose of the test but 
of the implications of his responses as 
revealing his own attitudes. Even if the 
subject does realize that he is expressing 
his own attitude, it is assumed that it 
may be easier to express views that may 
be considered undesirable if one does 
not explicitly acknowledge them as his 
own. In some instances the questions 
asked are nonevaluative, so that the 
implications of one or another response 
are quite unlikely to be apparent to the 


respondent; for example, “What is the 
[nonexistent] colored man in the corner 
doing? [Horowitz & Horowitz, 1938].” 

Questions have been raised, however, 
about the validity of the assumption 
that responses, even though spontaneous 
and undistorted, reflect the individual's 
own attitude toward the object. While it 
seems clearly established that an indi- 
vidual’s response may reflect his own 
disposition, it is not certain that it neces- 
sarily does so. Given a scene in which 
the roles of Negro and white are am- 
biguous, an individual who describes the 
Negro as being in a menial position may 
be reflecting his own devaluing disposi- 
tion toward Negroes; on the other hand, 
he may simply be reporting the arrange- 
ment most commonly observed in our 
culture. Similarly, the responses he at- 
tributes to a hypothetical third person 
may be based either on his own response 
disposition or on his estimate of how 
most people would react in such a 
situation. 

Attempts to secure evidence as to 
whether responses to instruments of 
this type do in fact reflect the indi- 
vidual’s own attitudes have followed two 
lines: examination of the correspondence 
between estimates of attitude based on 
these measures and estimates based on 
other measures (usually of the self- 
report type); and examination of data 
secured from instruments of this sort in 
the light of Predictions about patterns 
of results. 

Several studies have found significant 
correspondence between results of meas- 
ures of this type and scores on self- 
report measures. Proshansky (1943) 
found high correlations between scores 
based on a standard self-report scale for 
measuring attitude toward organized 
labor and scores based on descriptions 
of briefly-exposed ambiguous pictures of 
relevant social situations. Riddleberger 
and Motz (1957) found that subjects 
who scored high and those who scored 
low on a self-report measure of attitude 
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toward Negroes differed in their ex- 
planations of how the people in a pic- 
tured interracial group had met. Som- 
mer (1954), using a modified form of 
Brown’s (1947) adaptation of the 
Osenzweig Picture-Frustration Test 
was able to identify with considerable 
success not only individuals who scored 
high and those who scored low on a self- 
report scale of attitude toward Negroes 
but a subgroup who had been instructed 
5 respond to the Picture-Frustration 
a as if they were unprejudiced, even 
hough their self-report scores were 

unfavorable. 
e aven in view of the assumption 
an important characteristic of tests 
al type is their relative lack of 
b ptibility, as compared with self- 
Sport measures, to efforts to present a 
gt picture of the self, correspond- 
ed with scores based on self-report 
asures is a dubious criterion. Getzels 
ane recognizing this fact, ap- 
che, hed the problem by predicting con- 
i “tried which speeded completions 
ie in vpersoni sentence stubs would 
; r from completions, by the same 
€spondents, of the same sentence stubs 
e nerin the first person. He made 
third predictions: (a) that first- and 
lma aa responses would differ on 
fully SUES i strong social norms not 
a nternalized by all members of the 
abe “5 would not differ on items not 
thes z to such norms; and (ù) that in 
a of the former items, more so- 
7; hg asses answers would be given 
hinds first-person form than on the 
Sen a form. Both predictions were 
i gly supported. Getzels recognized 
thier that responses to the 
T aor might be based on es- 
tind set how most people would re- 
Eons = than on the subjects own 
asked th ispositions. Accordingly, he 
People i sieui to estimate how most 
ee ould respond to the items about 
te 4 and found no difference be- 
e average estimates made by 


those whose third-person responses had 
been favorable and those whose third- 
person responses had been unfavorable. 

A number of techniques involving per- 
ception—in a more literal sense—oi am- 
biguous or unstructured material may be 
considered in this category. For ex- 
ample, a number of psychologists have 
been investigating the possible relation 
of attitudes to perception of stimuli 
presented under stereoscopic conditions 
of binocular rivalry. Bagby (1957), 
presenting pairs of cards differing in 
cultural content (e.g., a bullfighter and 
a baseball player) to subjects from 
Mexico and the United States, found 
that Mexicans tended to see the card 
with Mexican content, North Americans 
those with content familiar in the United 
States. Pettigrew, Allport, and Barnett, 
(1958), presenting to residents of South 
Africa pairs of pictures of individuals 
from different racial groups, found that 
Afrikaners deviated most consistently 
from other groups in their responses, 
overusing the “European” and “Afri- 
can” categories, underusing “Colored” 
or “Indian.” 

A study by Bray (1950) made use of 
unstructured visual material in a differ- 
ent way. Taking off from Sherif’s (1935) 
finding that estimates of movement in 
the autokinetic phenomenon are mark- 
edly influenced by the estimates given 
by others, Bray investigated the effects 
of estimates by confederates who were 
identified as members of minority 
groups. He had the hypothesis that the 
extent and direction of such effects would 
be influenced by the subject’s attitude 
toward the minority group. Here the un- 
structured perceptual material did not 
refer to the attitudinal object, but sim- 
ply provided an opportunity for ex- 
pressing indirectly a response to the 
attitudinal object—the physically pres- 


ent, minority-group member. 
Again, there are problems about the 
nature of the inferences that can be 


drawn. Bray, for example, did not find 
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the direct relationship he had predicted 
between attitude toward the minority 
group (as measured by self-report 
scales) and responses to the minority- 
group members’ estimates. In the case 
of binocular rivalry, in what way, if at 
all, does attitude influence perception? 
Does one see the picture with the most 
familiar content? Does one see the 
member of the racial group toward which 
he is most favorable, or the one toward 
which he is most hostile, or of which 
he is most afraid? 

Questions such as these point both 
to the need for further research on the 
usefulness of these techniques as meas- 
ures of attitude and to potentially fruit- 
ful lines of investigation of the relation 
between attitudes and response to vari- 
ous kinds of materials under various 
conditions. 


Measures in Which Inferences Are 


Drawn from Performance of “Objec- 
tive” Tasks 


Approaches in this category present 
the respondent with specific tasks to be 
performed; they are presented as tests 
of information or ability, or simply as 
jobs that need to be done. The assump- 
tion common to all of them is that per- 
formance may be influenced by attitude, 
and that a systematic bias in perform- 
ance reflects the influence of attitude. 

For example, the subject may be 
asked to memorize material, some of 
which is favorable to the attitudinal ob- 
ject, some unfavorable, perhaps some 
neutral or irrelevant. The assumption 
is that material congenial with the sub- 
ject’s own position will be learned more 
quickly and remembered longer. Some 

empirical support is available for this 
assumption; for example, in a study by 
Levine and Murphy (1943), using ma- 
terial about the Soviet Union, and one 
by Jones and Kohler (1958) using state- 
ments about segregation. Or the subject 
is given a test of “information,” jn 
which at least some of the items referring 


to the attitudinal object either have no 
correct answers or are so unfamiliar that 
it can be assumed that few if any re- 
spondents will know the correct an- 
swers; alternative responses believed 
(by the investigator) to indicate rela- 
tively favorable or relatively unfavor- 
able dispositions toward the object are 
provided. The assumption here is that, 
when forced to make a guess on ostensi- 
bly factual questions where he has no 
objective basis for an answer, the subject 
is likely to choose the alternative most 
consistent with his own attitudinal dis- 
position. This assumption, too, is sup- 
ported by some empirical evidence; for 
example, studies by Hammond (1948) 
and Weschler (1950) of attitudes toward 
labor and toward Russia, and by Rankin 
and Campbell (1955) of attitude toward 
Negroes. Or the task may be a test of 
“reasoning,” in which syllogisms or 
other logical forms are presented, and 
the subject is asked to indicate which 
of a number of conclusions can appro- 
Priately be drawn. Items referring to 
the attitudinal object are paralleled by 
similar items with neutral or abstract 
content; scoring is on the basis of the 
number and direction of errors on the 
attitudinally relevant items as compared 
with the control items. The assumption 
is that Teasoning may be swayed by 
attitudinal disposition, and thus that 
errors on the attitudinally relevant 
items reflect the individual's own posi- 
tion, if the parallel neutral items have 
been answered correctly. Watson 


(1925), Morgan 1945 istle- 
thwaite (1950) (1945), and Thistle 


veloped instruments of this 
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outcome to be achieved rather than on 
the ability involved in achieving it. For 
example, the subject is asked to sort 
items about the attitudinal object in 
a of their position on a scale of 
n Sbeas sg ostensi- 
oun to help in the construction 
>a lurstone-type scale. The assump- 
— here is that the rater’s own attitude 
om the object—especially if it is 
F reme—influences his judgments of 
9 ra gine statements about 
Sct Despite the earlier belief 
we atings of items for Thurstone 
ay not affected by the raters’ own 
(e vel a number of recent studies 
: Bo ; ovland & Sherif, 1952) have 
ound such effects. 

m $ i e reasonable to suppose that 
“ae jects accept these tasks at face 
ae presumably only someone with 
Biel poets sine knowledge of re- 
eed mg in the social sciences 
Slican e aware of their attitudinal im- 
store w Thus it seems reasonable to 
a that they may be relatively 
Of bee ious to distortion in the interest 
a senting a desired picture of the 
Pr however, there are questions 
foe Fle has the inferences to be 

ried a subject shows marked and 
Si ris Pes. it seems reasonable to 
dbiiect : e has an attitude toward the 
aaa rong enough to affect his per- 
ing i If he does not show consistent 

tian are we to infer that his 
Ter isthe is hot strong, or not consistent? 
maana La how sensitive are such 
with e s? Is it possible that individuals 
ae se attitudes differ in the 
such Pa a their performance on 
attitudes> s is influenced by those 
i baad problem has to do with the 
eee in which attitude influences 
ature F pr ani, conversely, with the 
hoes < e inference to be drawn from 
ithe response. Responses may reflect 
Wishes or fears; a member of the 


n: 
a 
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Communist party may overestimate the 
number of Communists in the United 
States, but so may a member of the John 
Birch Society. A person who under- 
estimates the number of Negro doctors 
in the United States may do so on the 
basis of his feeling that Negroes do not 
have the ability to become doctors, or 
he may do so on the basis of his belief 
that opportunities for Negroes to obtain 
medical training are limited. 

Judgments of the favorableness or 
unfavorableness of statements are sub- 
ject to a similar problem of interpreta- 
tion. Hovland and Sherif (1952), work- 
ing with items about Negroes, found 
that ratings by Negro subjects and by 
white subjects who actively supported 
desegregation differed from ratings by 
“average” and by anti-Negro white sub- 
jects. However, other investigators (e.g., 
Manis, 1960; Weiss, 1959), working 
with statements about different atti- 
tudinal objects, found that subjects with 
extreme attitudes—whether favorable or 
unfavorable—showed similar patterns of 
ratings, which differed from those made 
by subjects with moderate attitudes. 

As with the preceding category, these 
problems of interpretation point to the 
need for caution in inferring the attitude 
of a given individual from a single test 
of this sort, but they seem to point also 
to the probable usefulness of further 
empirical investigation of the relation of 
scores based on such measures to those 
based on tests providing other grounds 
for inference. 

Another group of measures presented 
as objective tasks or tests of ability 
focus on the extent to which the attitu- 
dinal object figures prominently in the 
subject’s organization of his environ- 
ment, that is, its salience for him. The 
kinds of data appropriate for inference 
about the salience of an attitudinal 
object differ in some respects from the 
kinds appropriate for inference about 
the nature or direction of the attitude. 
Measures of salience have been devel- 
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oped primarily with respect to attitudes 
toward social groups. They are of two 
types: techniques for assessing the 
tendency to classify individuals in terms 
of group membership, and techniques 
for assessing the tendency to subordinate 
individual differences to group identi- 
fication. 

One technique for assessing the ten- 
dency to classify individuals in terms 
of group membership, originated by 
Horowitz and Horowitz (1938), may be 
presented as a test of concept formation. 
It consists in presenting to a subject 
sets of photographs of individuals differ- 
ing in race, sex, age, and socioeconomic 
status and asking him to select those 
which “belong together.” For example, 
one set may contain photographs of 
three white boys, one white girl, and one 
Negro boy. If the subject replies that 
the white girl does not belong, this is 
taken to mean that for him sex is a more 
important basis for classification than 
race; if he replies that the Negro boy 
does not belong, the inference is that 
race is a more important category for 
him than sex. 

Another technique for assessing the 
tendency to classify individuals in terms 
of group membership, presented as a test 
of memory, involves the clustering, in 
recall, of verbal symbols for which 
alternative classificatory principles are 
available. This technique rests on the 
finding from studies of verbal behavior 
that when words drawn from various 
categories are presented in random or- 
der, subjects tend to recall them in 
clusters, with several words representing 
a given category being recalled together 
even though they were not next to each 
other in the list presented. In studying 
the salience of race as a basis for classi- 
fication, a subject would be presented, 
in random order, with names of people 
from several different occupational cate- 
gories—for example, baseball players, 
musicians, political figures, actors, one 


name in each category being that of a 
Negro. The extent to which names of 
Negroes are grouped together in recall 
would provide the basis for inference as 
to the salience of race as a basis for 
classifying individuals. 

A measure of the tendency to sub- 
ordinate individual differences to group 
identification, originated by Horowitz 
and Horowitz (1938), consists in show- 
ing the subject a number of photographs 
of individuals of different ethnic groups 
and then asking him to identify, from 
a larger number of photographs, those 
he has already seen. The task is pre- 
sented as one involving perception 
and/or memory, Scoring is in terms of 
the proportion of correct responses to 
individuals of a given social group as 
compared with the proportion of correct 
responses with respect to individuals of 
other groups. The inference here is that 
accuracy in identifying whether or not 
pictures of specific individuals of a given 
social group have previously been seen 
is decreased by the tendency to sub- 
ordinate individual differences to group 
identification. 

Secleman (1940-41), using pictures of 
whites and Negroes, found a high corre- 
lation between scores on this measure 
and scores on a self-report questionnaire 
designed to measure attitude toward 
Negroes, with the less-favorable subjects 
less accurate in identifying whether the 
Negro pictures had previously been ex- 
posed. The question whether there is, 
in general, a correlation between sali- 
ence of an attitudinal object and favor- 
ableness of disposition toward it is 
an Interesting problem 


a Merg for empirical 
Investigation. 


Measures in Which 
Drawn from Physiologi 
the Attitudinal Object 
tions of It 


Inferences Are 
cal Reactions to 
or Representa- 


At the opposite extreme from meas- 
ures relying on a subject’s verbal report 
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g i beliefs, feelings, etc., are those 
oe ae on physiological responses not 
a sot to conscious control. These may 
ie ee of a subject’s reaction—for 
aa p e, galvanic skin response (GSR), 
a ~~ ar constriction—to the presence 
bere of the object group or to 
Peck representations of situations 
For = members of the object group. 
(ios eee Rankin and Campbell 
thee compared GSRs obtained when 
i was a Negro with those 
Aki ts when the experimenter was 
cone cog and DeFleur (1959) re- 
hens an Sa vascular constriction of 
ka $ ar! itude and duration of heart- 
the fee uration of heart cycle, while 
whites i were viewing pictures of 
Hess n Negroes in social situations. 
graphed Polt (1960) have photo- 
sponse ee constriction in re- 
lary ice stimuli and pupil- 
stimuli. on in response to pleasant 
Gone Measures may involve re- 
Visla. such as salivation, blinking, 
conditior e that have been 
ea e . to a verbal stimulus, and, 
aopean] o of semantic generalization, 

AE aye response to words or concepts 
origina] a milar in meaning to the 
(1953) A imulus. For example, Volkova 
ments in T reported a series of experl- 
condition “pie in which subjects were 

Sord a to salivate in response to 
ments as prec subsequently, such state- 
Comrade” p he Young Pioneer helps his 
While au rought maximum salivation, 
®stroyed Statements as “The Fascists 

Um sali many cities” brought mini- 

it th lvation. 

logical Case of unconditioned physio- 
N to the presence or the 
t asis Re of the attitudinal object, 
Tom ¢ i inference comes directly 
wl de iets of attitude. Just as 
®elings ns of attitude include beliefs, 
of aus overt behavior as indicators 
e, so do all definitions, ex- 


plicitly or implicitly, include physiologi- 
cal responses. It is assumed that the 
magnitude of the physiological reaction 
is directly and positively related to the 
extent of arousal or the intensity of 
feeling; thus, the greater the physio- 
logical response, the stronger and/or 
more extreme the attitude is presumed 
to be. Here again, however, there are 
problems in inferring the nature of the 
attitude being reflected. Most measures 
of physiological reaction give direct in- 
dications only of the extent of arousal; 
they do not reveal whether the corre- 
sponding emotion is pleasurable or un- 
pleasurable. In general, in attempts to 
assess attitudes toward social groups via 
measurement of physiological responses, 
it has been assumed that the range of 
affect is not from strongly favorable to 
strongly unfavorable but rather from 
accepting, or neutral, to strongly un- 
favorable; thus the inference has been 
drawn that the greater the physiological 
response, the more unfavorable the atti- 
tude. If Hess’ technique of photograph- 
ing pupillary constriction-dilation can 
be adapted to the study of attitudes, it 
would provide a much firmer basis for 
inferences about the direction of atti- 
tude, since the reaction being measured 
shows a differential response to pleasant 
and unpleasant stimuli. 

In the case of the conditioned physio- 
logical responses, the basis for inference 
is somewhat different, stemming from 
learning theory. A response that has 
been conditioned to a given stimulus 
tends to generalize to stimuli that are 
similar. Thus, if a response that has 
been conditioned to the concept “good” 
appears when the attitudinal object is 
presented, the inference is that the sub- 
ject considers the object good—that is, 
that his attitude toward it is favorable; 
if the response does not appear when the 
attitudinal object is presented, the in- 
ference is that the subject does not 
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consider it good—that is, that his atti- 
tude toward it is not favorable. 

The purpose of the physiological 
measures may or may not be apparent 
to the subject. In the Westie and 
DeFleur (1959) study, for example, 
subjects presumably realized that the 
physiological measures were being used 
as indicators of their reactions to the 
interracial pictures. In the Rankin and 
Campbell (1955) experiment, on the 
other hand, subjects were led to believe 
that they were taking part in a word- 
association study and that it was their 
GSRs to the stimulus words (rather 
than to the Negro and white experi- 
menters) that were being investigated. 
Whether or not the purpose is clear to 
the subject, the fact that the responses 
measured are not subject to conscious 
control would seem to eliminate the 
possibility of modification of responses 
in order to present a certain picture of 
the self. 

However, physiological responses may 
be quite sensitive to influences other 
than those in which the investigator is 
interested—both to other aspects of the 
stimulus material and to other environ- 
mental influences. It is difficult to con- 
trol the experimental situation so com- 
pletely that other factors are ruled out 
as possible determinants of the response. 

Again, questions such as these point 
to the need for extreme caution in draw- 
ing inferences about the attitude of a 
given individual from a measure of this 
type. But, again, they point to en- 
couraging possibilities for empirical re- 
search and to the opportunity to greatly 
increase our understanding of attitudes 
and their relation to various kinds of 
response, by the use of instruments 
yielding different types of evidence. 
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y Dg: DISPARITY 
BINOCULAR CORRESPONDENCE AND 
i STILL A DOMINANT FACTOR IN BINOCULAR 


DEPTH PERCEPTION?? 


J- L. ZAJAC 
Ottawa, Canada 


Laws of binocular correspondence and disparity are regarded as bases 
for explanation of most of the phenomena of binocular depth perception 
in the near ficld of vision. Abnormal phenomena such as differences in 
astigmatism of the 2 eyes, differences in acuity, cases of natural anisci- 
konia, investigated by the author, confirm the validity of the laws of 
correspondence and disparity and also of the law of intersection of visual 


directional lines. The inadequacies of other theorie 
perception are pointed out and the author conclu 
supplant the laws of binocular corres 


majority of cases of binocular 
vision. 


Comprehension of binocular vision in 
general and of binocular space percep- 
tion in particular came very tardily and 
developed very slowly, and the laws of 
binocular correspondence and disparity 
as main factors in binocular depth per- 
ception in the near field of vision be- 
came known by piecemeal steps. Single- 
ness of vision with two eyes is a very 
natural thing. People even nowadays 
are rarely aware of double images or 
conscious of inequality of what they 
see with the two eyes. Lack of aware- 
ness of these things does not trouble 
most people because normal vision 
functions very adequately and purpose- 
fully without any knowledge of laws 
of vision. 

Johannes Miiller (1826) was the first 
to formulate the doctrine of identical 
points on the two retinas which, when 
stimulated, brought about single vision 
of objects. But he did not relate these 
identical points to the perception of 
depth. 

1 Author deceased at time of publication of 
this paper. 

The author has expressed his thanks to Harry 
Helson for his many useful suggestions in con- 
nection with this paper and for revising the 
text and correcting the English. 
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s of binocular depth 
des that they cannot 


pondence and disparity for the great 
perception of depth in the near field of 


The fact that the two eyes gave dif- 
ferent views of the same object was 
known in antiquity. Euclid in the third 
century B.c. (1573) was aware of this 
and Leonardo da Vinci (1802) ob- 
served that with both eyes he coul 
see an object that for one eye was 
covered by another object. Porta 
(1558) assumed that we see only with 
one eye at a time so that vision alter- 
nates between the two eyes. Aquilonus 
(1613) admitted that there are tw? 
different sensations of one object in the 
two eyes which should introduce cor 
fusion in the whole image, but “com” 
monsense” makes good for this and we 
see distinctly objects as wholes. In the 
eighteenth century Harris (1775) trie 
to explain relief of objects by what we 
see by both eyes and Porterfield (1759) 
Produced drawings of an object as see” 
by each eye in binocular vision. 
neither of these students of vision co?” 
nected consciously these “disparities” ° 
the views of separate eyes with dept” 

This connection of differences of th? 
images of the same object with dept 
was discovered in the artificially ar 
ranged conditions of stereoscopy- we 
owe this to Brewster (1847) and esP? 
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cially to Wheatstone (1828, 1852) who 

both constructed apparatuses known as 

stereoscopes. This was the most im- 

portant discovery concerning binocular 

vision and binocular depth. The work 

of Helmholtz (1924), Hering (1861- 

64), and Panum (1858, 1859), in par- 

ticular, made several points of stere- 

oscopy clear, although they differed in 
the interpretation of the facts of binocu- 
lar depth perception and of stereoscopic 
depth in particular. Panum established 

m simple experiments the following im- 

Portant relations: Panum areas, Panum 

effect, and the law of intersection of 

vaal lines (called by him an empirical 
aw) which defines the place of forma- 
tion of stereoscopic images. 

Wisse crag of horopter (the name 
ifferent by Aquilonus in somewhat 
: nt meaning) was regarded as the 

Seometrical locus for all corresponding 

Points with a given fixation point. 

lag transversal disparity princi- 

the defined in the sense that 
tion a disparity yielded the percep- 

e neaei? the nasal disparity the 
Sear lon of “farther,” and lack of 

tios Ba correspondence the percep- 

distorts oe. This could be 
caeiie on w a simple experiment 

liset : y the author with a 

fusion a omega fusion, that is, a 

{tages en eer double 

experimen: 7 as 9a). e qualified this 

sore S crucial because observed 
brinci ana are in conformity with the 
— of retinal correspondence and 

Near A 7i it also showed, that in the 

iian eld of view, it is not geometrical 

ce of objects from the observer 

versa] disparity which is re- 

opi for depth and relief of stereo- 
c images. 

ith the problem of correspondence 


n š 

arion parity goes the problem of the 

ce in is of depth we may experi- 

ave to al tous conditions of vision. We 
iScriminate between three kinds 


ex 
Periences of depth: perception, 


estimation, and impression of depth. 
Perceptions of depth with binocular 
vision or that resulting from stereo- 
scopic fusion of disparate images in the 
near field of vision are concerned with 
relative, even minute differences in dis- 
tance of objects or parts of objects 
(relief), which can easily be measured. 
Certainty is the main characteristic of 
this class of depth perceptions. They 
differ in certainty and steadiness from 
both perception of depth with monocu- 
lar vision and with binocular vision in 
farther parts of the visual field. In the 
latter case depth perception becomes 
similar to monocular depth perception. 
Estimates mainly concern judgments 
about “absolute,” objective, or geo- 
metrical distance of objects from the 
observer and quantitative evaluations of 
differences of perceived distance with 
monocular or binocular vision. Uncer- 
tainty is the characteristic of these ex- 
periences but they can be learned and 
improved. Impressions of depth are 
experienced when we look at drawings, 
pictures, films, photographs, etc. Here 
other factors intervene, such as per- 
spective (both linear and aerial), lights 
and shadows, height, overlay, etc., 
which furnish “cues” to depth in two-di- 
mensional media (Zajac, 1959b, 1962a). 
Failure to discriminate these categories 
leads to a wrong appreciation of the role 
of various factors in depth perception. 

It is surprising, for example, that 
Gibson (1950) did not mention that 
depth resulting from stereoscopic fusion 
of his Figure 49 (p. 105) is of quite a 
different kind from depth produced by 
perspective photographs which illustrate 
different gradients of texture. In his 
opinion these should produce perceived 
depth but according to the view ad- 
vanced here they are examples of im- 
pressions of depth characteristic of two- 
dimensional pictures. Gradients of tex- 
ture are in Gibson’s view the main 
source of perception of a continuous 
recession into depth. But they are not 
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necessary for perceiving recession into 
depth in the normal field of vision; they 
are, however, useful for impressions of 
depth in pictures and photographs, be- 
ing one kind of manifestation of per- 
spective. In the near field of vision the 
gradient of texture which, given an 
impression of recession in pictures, may 
produce a reverse perception of depth 
when binocular disparity plays the main 
role. This has been observed many times 
by the author. It should also be noted 
that Gibson’s particular set of retinal 
gradients of texture cannot be a stimu- 
lus to perception of a unique longi- 
tudinal surface because with monocular 
vision there is a whole family of such 
surfaces variously inclined to the hori- 
zontal plane corresponding to any one 
set of retinal gradients. This is the case 
of so-called “equivalent configurations” 
stressed by Ames (1955). 

Heinrich (1938) writes that already 
with one eye we see depth. “Vision with 
both eyes can improve three-dimen- 
sionality experienced with one eye; but 
cannot create it... . A photograph 

. + gains in depth when looked at 
with one eye, Binocular vision renders 
it flat.” Here three different kinds of 
experienced depth are involved, 


CONTROVERSY CONCERNING CORRE- 
SPONDENCE AND HOROPTER 

All the laws and relation 
above were from the be 
to controversy. First of 
respondence and its consequences— 
single vision and equidistance—were 
questioned. Wheatstone, Helmholtz, and 
others assumed that one can see double 
with corresponding points of the retinas. 
But they did not prove that we can see 
double with corresponding points, only 
that some disparate points or lines might 
fuse stereoscopically more easily than 
assumed corresponding points would 
fuse. The problem, as to which images 
actually fuse stereoscopically and which 
resist fusion, is another matter and has 


S mentioned 
ginning subject 
all, retinal cor- 


nothing to do with the principles of 
correspondence and disparity. This 
question will not be discussed here. 
Linschoten (1956) committed a similar 
error in discussing his principal figure 
where depth effect was perceived due 
to disparity within the limits of Panum 
areas. Linschoten also criticized the 
correspondence principle on the assump- 
tion that one point in the field of vision 
can be seen at the same time in two 
different directions (so-called disjunc- 
tion). This was not proved convinc- 
ingly in his arrangement. The author 
did not observe the phenomenon of dis- 
junction in Linschoten’s figures. The 
concept of horopter has also been de- 
nounced as superfluous or irrelevant 
by several authors (Gibson, 1950; Ogle, 
1959). Ogle has pointed out that “The 
horopter problem is far from being 
solved.” In this author’s opinion the re- 
lation of single vision, perceptual equi- 
distance (phenomenal data), and horop- 
ter (geometrical locus), represents for 
the time being the definition of corre- 
sponding points (physiological corre- 
lates) until corresponding points are de- 


fined more explicitly in terms of nerve 
elements or otherwise. 


RETINAL DISPARITY PRINCIPLE 
CONTESTED 

The most controver. 

cerns the role of 

binocular de 


sial problem con- 
retinal disparity in 
pth perception. Especially 
critical in this regard are some mem- 
bers of the Gestalt school, The criticism 
was mainly based on the “laws of 
Gestalt” and it was stated time and 
again that neither disparity of certain 
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gued, they formed lines of dots oblique 
to the frontal plane. Neither Lin- 
schoten (1956) nor I could substantiate 
these findings for I saw mostly hori- 
zontal lines of dots with a difference in 
depth only at the ends of the lines simi- 
lar to the Panum effect according to 
the law of disparity. Only very rarely 
did I see what Wilde reported. It was 
quite different when the lateral distance 
between points in front of one eye 
differed from that in front of the other 
eye. The same result was also found 
mt asymmetrical positions of Wilde’s 
: ‘hed with respect to the two eyes. In 
aa case an oblique line of dots was 
ibis ag an inclination to the frontal 
ee i conformity with the disparity 
i ta è Also other figures composed 
m rizontal lines with full or hollow 
Shas — on both sides of the lines 
2 = ed by Wilde were not suitable 
at i his thesis that not disparities 
ee = and dots but disparities of 
0 gures produce stereoscopic depth. 
pec contrary, identical rectangles, 
=i at one of the horizontal sides 
composed of short lines interrupted 
; eis differently spaced, when fused, 
see Pagel a figure of a regular, com- 
Binds i rectangle as would be ex- 
cated rom the law of simplicity advo- 
by Wilde and other adherents of 

k aalt school. These were seen as 
: re with three fused sides lying on 
ait oe surface with one side in the 
diat short segments in various in- 
parities t that plane due to the dis- 
eval ag fused pieces and gaps 
i goa another kind of criticism 
cory th n z be leveled against the 
ties bike, fica a of figures as enti- 
ee an disparities of particular 

> “ines, points, or other parts 
Scopically q decide the relief of stereo- 
t oy eg used images of figures. This 
Which Sad not mention the factors 
What wilh unequivocally determine 
€ perceived nearer and what 


farther and also what will be seen egui- 
distant. Furthermore, if the difference 
between Gestalten as wholes is the con- 
dition for perceiving depth, why is only 
the difference of shape in the horizontal 
effective and not also that in the vertical 
dimension since it is known that vertical 
disparity does not produce depth? 
Ogle’s experiments with the so-called 
“induced effect” led him to assume that 
difference in size of images of the two 
eyes in the vertical dimension while 
equal in the horizontal dimension yields 
in certain conditions a depth effect 
similar to that produced by horizontal 
disparities. Ogle (1950) draws the con- 
clusion: 
that the phenomenon is psychologic in origin, 
though depending on specific physiologic stim- 
uli, and is essentially described as a subjective 
rotational change in a frame of reference for 
the entire binocular visual field [p. 197]. 
This might be considered as an expres- 
sion of doubt on the part of this re- 
nowned expert in the field of binocular 
depth perception, as to whether only 
horizontal disparity is responsible for 
the kind of depth experienced with 
stereoscopic vision. In the writer’s ex- 
periments, objects (sheets of paper) 
equal in horizontal and unequal in the 
vertical dimension were presented to 
the two eyes and even with stereoscopic 
fusion the depth effect described by 
Ogle did not occur. Only by using a 
lens that changed magnification of the 
image in one eye in the vertical dimen- 
sion could the observation reported by 
Ogle be made. With glasses of certain 
thickness, however, change in the hori- 
zontal dimension also occurs although 
it may go unnoticed, if it does not ex- 
ceed threshold value. Ogle did not men- 
tion this in his analysis of the induced 
effect obtained with afocal meridional 
lenses at axis 180 degrees used in his 
experiments. 


Law or INTERSECTION OF VISUAL LINES 


This law, called by Panum an em- 
pirical law, was contested by Hering 
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(1861-64) who based his criticism 
among others on faulty observations 
concerning places and sizes of after- 
images. The observations by Hering 
proved to be unwarranted by experi- 
ments carried out by the author (Zajac, 
1960b). Hering and also Linschoten 
(1956) have rejected the law of inter- 
section of visual lines. Both writers as- 
sumed that they also disposed of the 
projectionist theory of depth perception 
which, they thought, was connected with 
the intersection of visual lines. Hering 
instead invented the concept of the 
Cyclopean eye, which, however, is un- 
suited for defining the place where 
stereoscopic images are formed. The 
author’s investigations (Zajac, 1959a) 
proved that this law can provide an 
instrument of prediction not only of 
distances and places at which stereo- 
scopic images are formed but also of 
their shapes and reliefs, It must be 
understood that the places and reliefs 
derived from the law are geometrical 
and objective and not such as are per- 
ceived. Intersection of visual lines dem- 
onstrates the place of formation of stere- 
Oscopic images only when a fixation 
point is placed in their neighborhood or 
when we converge the eyes directly at 
the point of intersection, a condition not 
taken into account by Hering. 


DYNAMISM AND Disparity 


Some investigators of space percep- 
tion, mostly of the Gestalt school, have 
conceived disparity not as some retinal 
correlate of depth perception but as a 
kind of “stress” (Koffka, 1935) gener- 
ated in the brain by disparate retinal 
images. Here also the question arises as 
to why, in certain cases, stress produces 
the quality of perceived “nearer” and in 
others the quality of “farther.” These 
facts are not explained by this kind of 
“dynamic” theory. Linschoten (1956) 
argued for a dynamic theory of binocu- 
lar depth perception based on “attrac- 
tion” of images belonging to the two 


eyes in the binocular field of vision. He 
dismissed from consideration all the hap- 
penings in the organ of sight and thereby 
retinal disparity also. His speculations, 
however, did not produce a convincing 
and unequivocal picture of what really 
happens. His attraction theory and the 
tendency in the field of vision to have 
the greatest possible number of binocu- 
larly fused images, seem to be factors of 
“automatic” rather than “dynamic” 
character. In this author’s opinion these 
explanations also eliminate such psy- 
chological factors as attention, tendency 
to have a better look at some objects or 
details when looking around, and effects 
of walking, working, reading, etc., on 
depth in the binocular visual field. 


CONVERGENCE VERSUS DISPARITY 


Convergence of the eyes is one of the 
factors rather than disparity which some 
authors believed produced perception of 
depth. Convergence is supposed to de- 
termine the distance from the observer 
at which objects are seen and it is also 
assumed to contribute to the perception 
of relative depth of objects in the field 
of view. There are two factors which 
are considered as inherent in conver- 
gence for depth perception: the angle 
of Convergence, and Proprioceptive-kin- 
esthetic sensations acco 
vergence and 
But we do no 
vergence and 
their size. 


mpanying con- 
changes of convergence- 
t perceive angles of con- 


S of convergence are 
s impossible to meas- 
something that would 
Stablish any relation 


mmodation and conver- 
1960c), Nevertheless 
have been regarded 4° 


gence (Zajac, 
these sensations 
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factors in depth perception by many au- 
thors (e.g., Gilinsky, 1951; Ittelson & 
Ames, 1950; Vernon, 1950) and this 
opinion is incorporated in many manuals 
of psychology. 


Ficure-Grounp versus DISPARITY 


Figen is another factor in perception 
i and three-dimensionality— 
het Te Which same students of 
E elieve can displace the corre- 
T S and disparity principles. It 
Ha ev pictorial representation of 
te Rea as mentioned before, im- 
rm uf depth rather than percep- 
ae Ls Deniereed, Arnheim (1954) 
le aed his Connection to the Gestalt 
mali Integrity and simplicity. His 
am a Is as follows: If a line is 
a ie = = of paper, it seems not 
Nerei a plane, but on top of it. 
on e line seen as lying within the 

ace of the sheet of paper or of a 


Canvas of a pj 
a picture, the surfaces wi 
appear broken, —_ 


There is in 
; a plane surface a t ndency to main- 
ai endency to main. 


erased i rity. A line or patch cannot be 
freedom ate manner. Only one avenue of 

etait 1S open—the third dimension. . . . 
don, Pattern splits within the depth dimen- 


A 
me ares on a surface would look in 
rather “a opinion three-dimensional 
would ie alah ens ser when this 
Would n ni ora simpler structure and 
ground me the integrity of the back- 
Quoted ‘he, any observations can be 
example e against this approach. For 
(Zajac to ifferences in astigmatism 
Yes creat 61) or in acuity of the two 
Bron ate Situations in which the back- 
: z simple sheet of paper) on 
Foe or a circle is drawn, is 
Darts Pt n In perception; that is, its 
estalt ty at different distances, and 
event op of Integrity or simplicity 
should mis from happening. 
following like to mention also the 
l condige et Wation made under nor- 
Tons of vision: When we are 


at sea seated near the starboard and 
are looking to the sea to the right and 
to the left, we perceive the starboard 
side as lower than the portside, and 
vice versa when we are seated by the 
portside of the boat. The surface of the 
sea looks broken, the two parts appear- 
ing at two different levels. No Prägnanz 
or constancy law can save it from this 
appearance (Zajac, 1962b). 

With color stereoscopy a situation 
may be created where a figure may be 
seen behind the background; for ex- 
ample, letters printed in black on blue 
rectangles are perceived behind these 
rectangles and as if larger in size than 
letters of equal size on pale gray back- 
ground. But white letters on blue back- 
ground look nearer than black letters on 
white background. No such observa- 
tions can be made with one eye. This is 
an example of color stereoscopy which 
can produce many pitfalls for painters, 
because the knowledge of color stere- 
oscopy is not sufficiently advanced and 
is rarely consciously applied by painters. 
These and other examples show that in 
many cases figure-ground cannot, even 
in pictures, overrule the effects of depth 
due to disparity. 


So-CALLED EMPIRICAL FACTORS VERSUS 
DISPARITY 


When stereoscopy is involved together 
with so-called empirical factors, it is 
difficult to extricate the role of these 
different factors in depth perception, and 
proper experiments are difficult to ar- 
range. One must, however, remember 
that all these factors and their particular 
role were evolved from initial binocular 
vision which is mostly used from birth 
onwards. Empirical factors or cues 
were thought to oppose or destroy the 
effects of binocular disparity or corre- 
spondence in certain conditions. One 
observes cases of their supremacy in 
depth perception. Ogle (1959) thinks 


that in those surroundings that have been arti- 
ficially produced to provide a conflict between 
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stereoscopic stimuli and empirical factors, me 
meaningless stimuli may be suppressed x 
meaningful, that is, by perception from the 
empirical motives for depth [p. 389]. 


I shall discuss in the following some of 
these empirical cues. Some experiments 
with the pseudoscope seem to have 
proved (Schriever, 1925) that overlay 
or superposition was an effective factory 
in overcoming depth effect resulting 
from disparity. On the other hand, the 
author’s investigations proved that dou- 
ble images formed on the temporal parts 
of one eye partly covered by images of 
the other eye or by stereoscopic images 
appeared as slanting from behind the 
latter (Zajac, 1956). Another example 
was a case where a stereoscopic image 
produced by turning a prismatic glass 
in front of one eye with an oblique 
movement away from the observer was 
seen moving across the surface of the 
background and going behind the part 
of the background not covered by the 
prismatic glass. The screen forming the 
background was then perceived nearer 
than the stereoscopic image (Zajac, 
1962c). This is also an example against 
generalization of Arnheim’s law of 
figure-ground in cases where binocular 
vision is involved. 

Another factor is height which can 
influence depth perception in monocular 
vision. In our experiments on movement 
(Zajac, 1962c) it determined the direc- 
tion of perceived cyclical movement and 
corresponding depth phenomena, but had 
no influence whatsoever on depth in 
binocular vision and could not compete 
with the factor of disparity. We are, 
however, accustomed to see farther 
things or farther parts of a level field as 
higher, mounting to a horizon line at the 
height of our eyes. A receding level road 
is seen mounting in perception when we 
are in an erect or semierect position, as 
we normally are, when walking, driving, 
or even flying. It is one of the laws of 
perspective. But at near distances with 


binocular vision, disparity usually pre- 
vails over the height factor. The size 
factor, too, does not seem to counteract 
effects of disparity (Ittelson, 1960). 
[Only] continuous size change seems to domi- 
nate the binocular disparities to a great ex- 
tent . . . even under conditions optimally fa- 
voring disparity, continuous size change pro- 
duces considerable apparent movement. This, 
of course, is the predominant cue producing 
the appearance of movement in motion pic- 
tures and television [p. 160]. 
To this statement of Ittelson’s some 
remarks should be added. When the size 
of an image changes, accommodation of 
the eye alters and consequently disparity 
also may change. We therefore must be 
cautious in drawing conclusions as to 
which of the factors—size or disparity— 
prevails. It should also be stated that 
in motion pictures and in television Wê 
have to do with what we have calle 
impressions of depth. Most of thé 
screen, being a flat plane surface, repre” 
sents the area of binocular correspond- 
ence with only slight disparity, a” 
correspondence is overcome easier l 
so-called empirical factors than disparity 
proper. 1 
With pseudoscopic fusion not 4 
depth due to disparity is normally dê- 
stroyed; rather mixed and unclear 
images are perceived with parts of fig- 
ures fused into incoherent wholes. O”? 
cannot prove that here whole figures at? 
fused to produce depth or relief, only 
in accordance with Gestalt laws, CO” 
trary to the disparity principle. 


ABNORMAL CASES IN Support or TH” 
CORRESPONDENCE AND DISPARITY 
PRINCIPLES , 
Support for the role of binocular d 
Parity in depth perception is found F 
abnormal cases which may be cruci- 


for proving or disproving certain 
potheses and theories, 


_ Tn the author’s case different astig”? 
tism in the two eyes, great differen® 
of resolving power of the eyes, an 
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cataract developing in his right eye, were 
the abnormal conditions of vision under 
Which his observations were made. Dif- 
ferences in astigmatism of the two eyes 
Yave brought about depth effects simi- 
ar to those resulting from normal dis- 
PRA (Zając, 1961). When at certain 
Ìstances from the eyes one eye sees a 
vertical line as a blurred surface of some 
S millimeters width and the other eye 
cme es it as a distinct but faint line, 
ea oth eyes, a blurred surface is 
ae . = oblique position with refer- 
= te a frontal plane. The source 
of the Phenomenon is the same as that 
lated so-called Panum effect and it is 
Smi E the disparity principle. A 
a Pipi giving rise to relief in 
z a sg a surface on which a line 
Noted, = drawn has already been 
Sow a ese cases are convincing be- 
rectly i observations were made di- 
Un nt e normal field of view without 
S artificial means or aids. 


UNEXPLAINED Facts 


There are c 


that ertainly many instances 


Mared by Ge or directly ex- 
Parity ii Pidence and dis- 
teehee to observation made by 
Lewin a (Köhler & Emery, 1947; 
the Blithe akuma, 1925; Ogle, 1950), 
cannot be can also cite phenomena that 
BE corres explained directly by binocu- 
ere obs pondence and disparity. Some 
1960p erved with afterimages (Zając, 
etween d hus there was a difference 
and the epth seen in the primary image 
. ie a afterimage in a comple- 
Sia color. The afterimage which 
Ceiy, as much brighter was also per- 
Object, much nearer than the original 


An 
elaine observation provisionally un- 
Parit x by correspondence and dis- 
nection as made by the author in con- 
(Belson is the Witte-Kinig effect 
ilkinson, 1958; Zajac, 


1962b). When two short horizontal lines 
separated by a gap are placed in front 
of one eye and only one segment not 
very different in length from the total 
length of the other two is presented to 
the other eye, with stereoscopic fusion, 
the following is observed: the shorter 
the gap between the two segments, the 
more frequent and more steady is the 
maintenance of the gap perceived in 
the stereoscopic image, and when some 
lower limit for the length of the gap is 
reached, closure never occurs. The as- 
sumption is that this is due to contrast. 
The depth phenomenon observed in 
connection with the Witte-K6nig effect 
was as if the piece of the continuous 
line, which disappeared in perception, 
still played its role when stereoscopic 
fusion occurred. This seems to contra- 
dict the disparity principle. In further 
investigations, however, when the vision 
in the author’s right eye greatly de- 
teriorated due to developing cataract, 
it was found that even though the 
image in one eye was very faint and 
hardly noticeable, definite distance and 
relief were perceived. This seems to 
indicate that even the parts suppressed 
by contrast, which were below threshold, 
still contributed in binocular vision to 
perception of relief. 

There are other phenomena, more 
general in scope, which so far cannot be 
explained by the principles of corre- 
spondence and disparity. They include 
changes of relative depth, presumably 
without changing disparity or corre- 
spondence, and they occur mostly during 
prolonged fixation on one point. With 
steady fixation there is steady increase 
of depth in stereoscopic vision until 
some maximum is reached. Then the 
changes may take the form of a flatten- 
ing of the whole field of vision when the 
images of objects or stereoscopic images 
seem to be nearing the plane of the fixa- 
tion point. Also “inversions,” changes 
from “nearer” to “farther,” and vice 
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versa, may occur. To the best of the 
author’s knowledge these phenomena 
cannot be unequivocally explained by 
any theory of depth perception. It is, 
however, to be noted, that changes and 
various processes connected with dura- 
tion occur in all domains of sensory per- 
ception (color, illumination, size, sound, 
smell, taste, pain, cold, and warm), all 
within certain limits, and also in other 
psychological experiences such as affects, 
emotions, drives, memories, etc. This 
might be a phenomenon of a general 
character which follows laws of the liv- 
ing organism in general and of percep- 
tion in particular. These changes may 
be an expression of changes in adapta- 
tion level (Helson, 1959). 


ROLE OF ACCOMMODATION AND 
CONVERGENCE 


Many of the enigmas and doubts con- 
cerning depth wtih binocular vision 
could be solved if proper assessment or 
measurement of pupils and accommoda- 
tion could be made when observations 
are carried out because changes in ac- 
commodation and different states of 
accommodation in the two eyes produce 
changes in relative sizes, distinctness 
and positions of images on the retinas, 

and thus may contribute to changes in 
perceived depth. An inverse interpreta- 
tion of the relation of accommodation 
and apparent distance was given by 
Ittelson and Ames (1950). The prob- 
lem for them was to determine whether 
a change in apparent distance alone 
could induce a change in accommoda- 
tion and convergence. The estimates of 
apparent distance were made with play- 
ing cards of different sizes both with 
static and continuous size changes. The 
measurements showed changes in ac- 
commodation and the conclusion was 
drawn that accommodation undergoes 
changes with altered estimates of ap- 
parent distance. Size, however, was not 
taken into account here; but it is a 


known fact that objects of different 
sizes or colors require different accom- 
modation and different size of pupil to 
be put into focus. I think therefore that 
the problem posed was a false problem 
and the conclusions were unwarranted. 

It is different with convergence. If 
we have two figures to be fused stereo- 
scopically, we must converge our eyes 
to the objective distance at which the 
stereoscopic image is formed. This, how- 
ever, cannot be called apparent distance. 
Similarly, when we want to see an ob- 
ject or a point in the normal field of 
vision distinctly with both eyes, we con- 
verge our eyes on the objective distance 
of that object. 

Heinrich (1923, 1938) assumed that 
accommodation of the eye(s) is a? 
instrument of attention, which, when 
directed to an object or a point ™ 
space, brings about automatically 4? 
adequate state of accommodation bY 
which (within the range of accommo” 
dation) a sharp, distinct image is forme 
on the retina (s). P 

Convergence plays its great role 19 
binocular depth perception but not 
through angle of convergence or bY 
Proprioceptive sensations, When our 
eyes are converged on a fixation points 
this normally determines accommoda- 
tion of the two eyes and thus also the 
size and distinctness of the images. The 
fixation point also defines the places 0” 
the two retinas of images of other ob” 
jects in the field of vision and their 
distances from the images of the fixatio” 
point. It thus determines whether ther 
position is temporal, nasal, or corte 
sponding; in other words, it defines me 
character and the amount of disparit 
and resulting depth perception. é 
role of convergence is important for Pe 
ception of relative depth, but not ° 
absolute depth. i i 

Because of the role of accommodatio? 
and convergence jn depth perceptio”: 
one can divide the whole field of visi” 


BINOCULAR DEPTH PERCEPTION 65 


into three areas: (@) an area within the 
Tange of accommodation and conver- 
gence, in which discrimination of small 
differences of distance and of relief is 
good; (b) an area within the range of 
Practical convergence and outside the 
Tange of accommodation in which big- 
ger differences in distances of objects 
are still perceived but discrimination of 
ein weaker; and (c) an area outside 

ange of accommodation and con- 
vergence, In the first two areas there 
a in depth perception of 
Sie i see with both eyes and with 
difference r a third area there is no 
Gites e ee and mon- 
evi ee perception, Limits be- 
leaa arcas are different for dif- 
lenses Bi and different corrective 

n they are worn. 


CONCLUSIONS 


ae do we stand with regard to 
a8 ae correspondence and disparity 
ii ates of depth perception in 
ocular vision? 
Hig first of all to be proved by 
We see ats (Senden, 1932, 1960) that 
Sain Cee as outside in the field 
» ìn front of us, even what 
Pens inside the eyeballs or on the 


bi 


Mar 


‘ap 


retin Aa 

sho like imouscae volitantes, after- 
SS, etc. We see in fr i 

m ont of us in 

the dark 


eo we are asleep (dreams), 
Proved T ye close our eyes. It is also 
of hee. Epe facts that perceptions 
near field tO Ahi are related in the 
iaai ai inocular vision to temporal 
tetinas o ISparities of images on the 
Esseg a the corresponding proc- 
Grane ie from Projection of retinal 
rain, ie the visual cortex of the 
Nee, is Epe disparity, or correspond- 
Ben to the perception of equi- 
nce an N apparatus of correspond- 
Yes is An Sparity of images in the two 
tion reag Innate and stable organiza- 
of life. Y for us from the early days 


and 


Disparity works not only in the case 
of fully fused stereoscopic images within 
the limits of Panum areas, but also, with 
double images, within certain limits. In 
the latter case this depth effect is dif- 
ferent as concerns stability and cer- 
tainty. 

Intersection of visual directional lines 
determines the geometrical position of 
stereoscopic and binocular images in 
general when we converge our eyes on 
the point of intersection or on a fixation 
point placed in its neighborhood. Direc- 
tional visual lines are not lines of the 
same kind as lines along which light 
penetrates into the eyes, for directional 
lines do not seem to be refracted; they 
seem to originate at the place of stimu- 
lation on the retina and proceed straight 
through the point of last refraction to 
the outside. The law of intersection also 
involves the law of visual angle and 
defines geometrical sizes and shapes of 
stereoscopic images (Zajac, 1959). It 
can also serve as an instrument of pre- 
diction in stereoscopic vision. 

The general conclusion resulting from 
the present discussion is that so far not 
any of the proposed theories or hypothe- 
ses can relegate or supplant binocular 
disparity and correspondence, or the 
law of intersection of visual lines, as 
correlates of binocular depth percep- 
tion in the near field of view and as 
instruments of prediction in stereoscopic 
vision. 
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PROPORTION OF LIGHT TO CYCLE AND CRITICAL 
FLICKER-FUSION FREQUENCY: 


A REPLY TO BARTLEY 


ADRIENNE THROSBY 


University of Sydney 


Bartley’s clarification of his model relating proportion of light to 
cycle (P4) and critical flicker-fusion frequency (CFF) raised further 
issues. In a previous report, Bartley predicted 3 transitions from flicker 
to fusion or fusion to flicker as Px is increased at constant cycle time. 
Throsby had shown that there was no consistent evidence to support 
this expectation and in Bartley’s latest statement of the model, only 2 


transitions were expected ; 


there was no mention of the previous 


expectation, nor apparently any alteration to the propositions of the 
model. The restatement of the model also failed to specify luminance 
values and cycle times, both important determinants of the number of 
transitions and both necessary for independent testing of the model. 


acl (1963) aimed to set out a 
lode of his model relating pro- 
a ror light to cycle (P) and criti- 
ts - €r-fusion frequency (CFF). This 
eae to part of a review of this 
which ant by Throsby (1962) in 
Was aly model, as then given, 
Soe icated as being inconsistent and 
“pported by experimental evidence. 
tions rigs clarification, the expecta- 
ssl the model appear to have 
artle again, as will be shown below. 

oe RA Se pointed out that more 
When i can give the same CFF 
Constant geet variables are held 
Ways, Th his can be shown in two 
critical = first procedure obtains the 
ations aa from studies of CFF at 
Boal axed values of P, (e.g., Lloyd 
further 1S, 1960; see Throsby, 1962, for 
the os redenen); From these curves, 
P i me of transitions expected if 
i be y at a constant cycle time 
calle (inferred, This procedure was 
elso To tentia” by Bartley and 
A we and includes many more 
artley (1963), s 1 and 2 described by 


e se 
Cond procedure varies Py, at 


constant cycle time and notes transi- 
tions from flicker to fusion or fusion to 
flicker. This was called the “direct” 
method by Bartley and Nelson (1961) 
and Method 3 by Bartley (1963). The 
direct method shows that if fusion is 
reported for a fixed cycle time and Py, 
then increasing Py may reintroduce 
flicker, which Bartley (1963) claimed 
as contrary to “conventional expecta- 
tion [p. 507].” If this general state- 
ment, that there may be more than one 
transition, by either direct or inferen- 
tial methods, were all that is claimed 
for Bartley’s model, then there would 
be no dispute. 

However, Throsby (1962) showed 
that Bartley’s predicted number of 
transitions varied from article to arti- 
cle. Three transitions were first ex- 
pected (Bartley, 1958; Bartley & Nel- 
son, 1960a, 1960b, 1961). At a fixed 
luminance and cycle time, very low Pr 
values were always expected to produce 
flicker. As Py, was increased, this would 
change to fusion, then to flicker and 
finally to fusion, giving three transi- 
tions. Bartley and Nelson (1961) used 
the direct method for a “decisive theo- 
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retical test of the model [p. 41],” and 
found only two transitions at three of 
the four luminance levels used. They 
then concluded that “it is only at very 
high intensities that short pulses pro- 
duce flicker [p. 45].” Yet in the subse- 
quent clarification of the model, Bart- 
ley (1963) made no mention at all that 
short Py, values produce flicker. He then 
expected only two transitions, fusion to 
flicker to fusion, while for “a longer 
cycle time” only one transition, from 
flicker to fusion, was expected. 

Bartley and Nelson (1961) also 
stated that their failure to confirm the 
earlier expectation of three transitions 
might have been “because we were not 
able to use short enough photic pulses; 
otherwise it is contrary to our expec- 
tations [p. 44].” However, Bartley 
(1963) did not mention this failure in 
quoting the findings and stated only 
that they confirmed his more general 
expectation of more than one transition. 
The prediction of three transitions has 
been omitted from the latest version of 
the model, Presumably without any al- 
teration to the propositions of the 
model. 

Throsby (1962) pointed out that 
there was no consistent evidence to sup- 
port the expectation of three transi- 
tions. This may not be a “devastating 
criticism,” as it was called by Bartley 
(1963, p. 507), but lack of empirical 
support must bear on the first of the 
dimensions of a model which he set out, 
namely, “how well it handles the facts it 
presumes to deal with [p. 507].” Bart- 
ley (1963) commented that “Throsby’s 
critique throughout considered only the 
first dimension [p. 507].” Since this 
dimension was not satisfied by Bart- 
ley’s earlier model, as given in his 
previous publications, discussion of his 
second and third dimensions would 

have been fruitless. 

Bartley (1963) further confused the 


basic issues by his comments on Thros- 
by’s (1962) Figure 3, which showed 
schematic curves for his two methods 
as the model then stood. A horizontal 
line representing a fixed cycle time cut 
the CFF curves at three points, A, B, 
and C. Bartley (1963) stated that 
Throsby “fails to see that the hori- 
zontal line... is not a CFF curve; 
thus her statement about the meaning 
of Points A, B, and C is irrelevant [P 
507].” This is a misrepresentation; 
comparison of Bartley’s paragraph on 
this point with Throsby’s statements 
(1962, p. 513) shows no difference in 
interpretation. The significance of data 
would be clarified in future reports if 
the ordinate of graphs were simply 
labeled “frequency” instead of “CFF. 
A horizontal line would then clearly be 
a certain frequency and the threshold 
curves or transition points, by any 
method, would show critical values for 
the given combination of stimulus con- 
ditions of area, luminance, etc. Any 
Combination of frequency and P;, below 
the critical curve would result in ke 
Ports of flicker, and above the curve i 
reports of fusion. 

One of the main criticisms to be 
made of Bartley’s clarification of bis 
model is the lack of specification of the 
stimulus conditions under which it i 
expected to hold. The cycle times Të 
quired for a given number of transitions 
appear to be arbitrarily selected a 
yet small variation from the actual CY” 
cle time chosen can alter the number ° 
transitions obtained, For example, if ” 
the top curve of Figure 2 in the pap 
by Bartley and Nelson (1960b), tP? 
horizontal line representing fixed cyl 
time were lowered only 5 cycles pe 
Second, the number of transitions wou 
change from three to one. Cycle time 
was not specified at all by Bartley 
(1963) for the main statement of t 
model with two expected transitio?® 
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o anean $ 
T transition is expected only “were 
ai onger cycle time chosen |p. 507],” 
Onger” being undefined. 
E ond important but unspecified 
us condition is luminance, previ- 
fete named by Bartley and Nelson 
Ae a) as “one of the factors deter- 
Then whether there is more than one 
k P “ae 
ae ition) [p. 242].” The prediction 
ls ag le at very high lumi- 
es d . " = is . . 
e ed above, was omitted in 
ate: ication; there was not even a 
a ra a to luminance, although 
e o z 
E ae shape of the CFF-P;, curves 
trectly relevant. 


An eze . . 
additional criterion for a model, 


Implicit. ; 
it ae = FS on three dimensions 
Precision i mer would surely be the 
the ae which the model specifies 
ities are rie under which its expecta- 
impares etal This clearly has an 
fis aad i hes on its predictive pow- 
are nae a at leant some conditions 
tested p ec , it is incapable of being 
artley he other than its author. 
has: inher 63 ) claimed that “the model 
erent in it a number of fur- 


ther predictions which merit testing [p. 
507],” but these have not yet been 
given. 
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FURTHER CLARIFICATION OF BARTLEY’S MODEL 


S. HOWARD BARTLEY 
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ly to Throsby’s earlicr criticism of the steps taken by Bartley to 
eh relations between CFF, PCF, and the basis for flicker and 
fusion. By distinguishing between fact, theory, and model it is shown 
that there has been no violation with regard to the function of each 
of these in interpreting data, in the application of the model, or in 


formulation of theory, 


I am surprised that my reply to 
Throsby’s original critical article did 
not make matters clear. Her criticisms 
of my position arise from a failure to 
distinguish between the functions of 
empirical fact, theory, and model. I 
will try to disentangle these as they 
concern the problem of proportion of 
photic pulse to cycle in critical flicker- 
fusion frequency (CFF). 

1. Years ago (Bartley, 1937), I ob- 
served that the members of a family of 
curves (each for a separate pulse-to-cy- 
cle-fraction [PCF]) representing plots 
of CFF against Log I, were not paral- 
lel. This was an empirical finding and 
was more recently corroborated in sub- 
sequent experiments. 

I inferred from graphs that where any 
two PCF curves crossed, the point of 
intersection could be taken as mean- 
ing that the two curves (thus the two 
PCFs) were equivalent under the CFF 
and Log I conditions in the graph. This 
led to a second type of inference: once 
CFF is reached under a given set of 
conditions, that is, with a given inter- 
mittency cycle length and a given Log 
I, lengthening the photic pulse (raising 
PCF) till the whole cycle would be 
filled with the pulse, would not main- 
tain fusion throughout. Flicker would 
reappear when the second of the two 
PCF values was reached. This is to- 
tally contradictory to traditional ex- 
pectations and I believed I had hit 
upon something new—and important. 
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This was the beginning of model con- 
struction. 

2. In a second step (Bartley & Nel- 
son, 1960), data were obtained to plot 
CFF against PCF. Others had done the 
same thing, and three general forms ° 
curve resulted. Some obtained a gradu- 
ally descending linear curve; others ob- 
tained linearly ascending curves. Sti 
others obtained bow-shaped curves 
which began low, ascended, and late" 
descended. We were among those ob- 
taining the bow curve. This variety 
puzzled a number of workers. Landis 
(1954) attempted to account for it, but 
did not succeed. 

Bartley (1958) showed from the facts 
at hand, that intensity manipulatio" 
alone could produce the three forms ° 
curves just mentioned. This assertio”, 
though capable of paper-and-pen¢! 
demonstration, was not equivalent w 
empirical production of all three sort 
of curves by actually manipulating the 
factor of intensity. The demonstratio” 
was produced only by transformatio” 
from three PCF curves (in which ch 
was plotted against Log I) to form i 
graph in which CFF was plotted agai?’ 
PCF. This was a further application ke 
the model, and as such was fulfilling * 
perfectly legitimate and useful function" 

3. More recently, Bartley and 5 
son (1960) made certain inferenc”? 
from one of these graphs. We drew Se“ 
eral horizontal lines across the grap™ 
each from a given CFF. Some inte’ 
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a the PCF curve at two places, 
i ie one point, depending upon 
feath Pi and thus upon the cycle 
Feie na This was an inferential 
hie model) to show certain expec- 
sin, , namely, that at least two tran- 
Me ag ae flicker and fusion 
tiie S ed under certain fixed 
‘ sr, i 1958 study, we did extend 
Reine rad y saying that under condi- 
cm ts le two transitions, a third 
Clive aang expected were the bow 
actually ia ed beyond the conditions 
fain veasan re This was based on cer- 
ls, ines able suppositions and on cer- 

ranit a a n olopioal findings of 

2 urman (1934, 1935). At 


this poi 
i nt 
intertwine theory, and model were 


4. Nex 
showed, T A 
transition po 
Þirically, O 
vide for the 


artley and Nelson (1961) 
ictual experiment, that two 
ints could be obtained em- 
ur apparatus did not pro- 
ales full extension of conditions 
transition empirically that a third 
could occu etween flicker and fusion 
A r. Let it be understood that 
third Doi e the failure to obtain the 
Throsby Fe 1s not what it appears to 
ject (a en be. One is allowed to pro- 
Petiment re of a model) and ex- 
Corroborat perchance, one fails to 
this ma € the projection (prediction), 
Dirica] ta t topple the previous em- 
need to o All that negative critics 
Not by i 1s to show by experiment, 
t nsition mething less, that the third 
i a ka bothers Thorsby can- 
apa hot fon Such a demonstration 
tady on a the two transitions 
= Soest 
Useful xPectations as t ma a 
iscovery. o constitute a 

(X W; 
tory t “9 Le model and the dis- 
Severa a to theory. My theory 
s has been that the off- 


response in the visual system’s reaction 
to photic radiation would account for 
the second transition, that is, the tran- 
sition from fusion back to flicker if 
pulse length (the PCF) of the cycle was 
increased. I based this on Bartley and 
Bishop’s (1940, 1942) earlier work in 
recording from the optic nerve. They 
(we) found that short photic pulses do 
not produce sizable (if any) off-re- 
sponses. Off-responses are produced only 
after pulse durations reach a sizable 
value. Throsby has produced no evi- 
dence, nor has she tried, to form a more 
plausible substitute to account for the 
emergence of flicker. Instead, she seems 
to feel that the assertions I have made 
regarding a return to flicker as PCF is 
increased are either not true or are ir- 
relevant. 

6. We can come back now to further 
discussion of the possible third transi- 
tion between flicker and fusion. This 
concerns the theory (not the model). 
Granit and Therman (1934, 1935) 
showed that a photic pulse producing 
an off-discharge could have its off-dis- 
charge inhibited if a second pulse was 
delivered soon afterwards. Thus, as 
PCF lengthens, that is, as the pulse in 
each cycle gets longer it is followed 
sooner by the succeeding pulse (in the 
next cycle). Hence the off-discharge 
that was taken to be the signal for 
flicker is now inhibited, and fusion 
sets in again as the cycle is further 
filled with the pulse. 

I see nothing assailable in the posi- 
tion I have developed and as I de- 
scribed it. Facts stand, models allow 
for prediction, and theory is intended 
to account for the facts, although the 
latter two are often hard to disentangle. 
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T ; P 
oe an] effectiveness of traditional psychodynamic psycho- 
detivell Hain Be development of brief new treatment techniques 
plinations of Pte learning theory have stimulated interest in ap- 
oF Ge etn tioning procedures to behavior disorders. A review 
to many PE eveen that behavior therapies have been applied 
vih dligordecs can psychotic disorders, and have been most successful 
NE Ae aang specific maladaptive behaviors. Conditioning 
eic ae ighly effective with phobic reactions, anxiety reactions, 
Some esas ase and tics, but disappointing with alcoholism and 
little nia es ers. Cures seemed long-lasting, with remarkably 
depth “Raceiaci E = symptom substitution predicted by psychodynamic 
apiligsticn rs ehavior therapy offers promising opportunities for the 
of well-established psychological principles to the treatment 
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of maladaptive behavior, 


Seri 
ply Aa efforts by psychologists to ap- 
the mere standards of science to 
Se Y of psychotherapy have in- 
= since World War II. The use of 
eal in and other psychologists in clini- 
imc during the war due to the 
may Pe need for therapeutic assistance 
Rane instigated this interest. 
sonian a aa mnis to integrate Wat- 
Position n avlorism and the Pavlovian 
essential] ith personality variables were 
Dersonaliz, translations of the facts of 
guage Ai behavior into the new lan- 
i conditioning. This “diction- 
This à 
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ary construction” (Eysenck, 1957) has 
moved ahead rapidly in the last 15 
years, although the Russian position 
that neurosis was caused by actual cere- 
bral pathology (Pavlov, 1941) did not 
retain many influential adherents among 
English-speaking psychologists. How- 
ever, many accepted and retained the 
concept of a disturbed central state 
which was manifested in observable 
neurotic behavior. This notion is also 
basic to psychodynamic personality 
theories, as exemplified by Dollard and 
Miller’s (1950) comprehensive trans- 
lation of psychoanalysis in terms of 
Hull’s behavior theory, where internal 
drives in conflict are said to produce a 
variety of maladaptive behaviors called 
symptoms. Translations such as this 
have helped to reduce vague psycho- 
dynamic terms to behavioral language, 
furnishing a common ground for prac- 
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a a a 
they have also served to p a and 
chodynamic therapies unchange a 
have failed to provide new or more e 
fective therapeutic procedures. ; 
Recent investigators (Kanfer, 1961; 
Krasner, 1958) have regarded psycho- 
therapy as a verbal interaction process 
in which verbal interbehavior is subject 
to lawful modification by appropriate 
reinforcing operations, extinction pro- 
cedures, and the like, in no way quali- 
tatively different from other behavior. 
However, while generally rejecting a du- 
alistic central conflict-peripheral symp- 
tom model, some dubious relics of psy- 
chodynamic thinking remain. These in- 
clude the assumption that changes in 
verbal behavior are necessary prerequi- 
sites for improvements in other mal- 
adaptive behaviors (Krasner, 1955; 
Metzner, 1961), or that it is impor- 
tant to talk about things you do not 
want to, make more affect statements, 
or recall early memories (Greenspoon, 
1962). Although it is well established 
that there is systematic modification 
of verbal behavior in Psychotherapy 
(Bandura, 1961; Frank, 1961) and ex- 
perimental verbal conditioning ana- 
logues of Psychotherapy (Greenspoon, 
1962), both Greenspoon and Kanfer 
(1961) have concluded that there is 
very little evidence for the transfer of 
interview effects to other behaviors, 
Zax and Klein (1960) reviewed the 
literature on behavior changes follow- 
ing psychotherapy and concluded that 
there was no good evidenc 
verbal behavior changes during therapy 
to behavioral changes in the family and 
community. Bandura (1961) indicated 
that current research on verbal condi- 
tioning without awareness casts serious 
doubt on the value of therapies whose 
primary aim was the development of 
insight, and Hobbs ( 1962) concluded 
that insight is either independent of 
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personality change or an occasional by- 
product of such change. . , 
Although investigators in this area 
have focused on the direct effects of 
therapist verbalizations on patient be- 
havior rather than on some central 
process, we have seen that elaborate 
verbal exchange is often assumed to be 
an important part of treating maladap- 
tive behavior, without strong support- 
ing evidence. In the last 15 years, Ey- 
senck, Wolpe, and their students have 
departed radically from psychodynamic 
and verbal insight assumptions an 
their related procedures for modifying 
maladaptive behavior, Eysenck (1952, 
1961) reviewed studies of the recovery 
rate from neurotic disorders claimed for 
psychoanalysis and other dynamic psy- 
chotherapies as compared with custo- 
dial treatment and/or nonspecific treat- 
ment. He concluded that psychodynamic 
therapies were no more successful than 
the comparison control procedures, an 
questioned the effectiveness of tradi- 
tional therapy in producing beneficial 
behavior changes, stating in effect that 
he failed to see the Emperor’s new 
clothes. Levitt (1957) reached a simi- 
lar conclusion after evaluating outpa- 
tient child Psychotherapy studies. 
These findings led Eysenck and 
Wolpe to reject traditional psychody- 
namic approaches to treatment. Instea 
Eysenck (1960b) defined neurotic be- 
havior as maladaptive habits formed 
through a process of conditioning an 
capable of being extinguished throug” 
several techniques of demonstrated ef- 
fectiveness jn the laboratory. There 1 
ro complex, no illness, and treatment is 
directed entirely to the symptoms, 45 
distinguished from Psychotherapy with 
its stress on hypothetical underlying 
complexes and isease processes, Wolpe 
(1958) proposed a similar view, that 
persistent maladaptive 


neurosis js 
learned behavior with a prominen 
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Pd component, acquired in anx- 
Y-generating circumstances. 
cee oo also attacked the as- 
s a at behavior disorders were 
ra A a a some internal conflict 
of di oe e termed the conversion 
oe rdered behavior into a thing 
fon, wi neurosis” an explanatory fic- 
ns which has had several unfortunate 
Fe rig Tt has encouraged the 
lear rs = avoid specifying the be- 
fae a © be corrected, and by suggest- 
piana cause for a variety of 
Billions behaviors it has implied a 
More ne not to be found in the data. 
Point it pa from a humanitarian view- 
ines = as fostered the belief that 
Purged ‘se must be extirpated or 
oe eer | to electrical, surgical, 
3 React ogical assaults of question- 
Si Rew _to the person (Gordon, 
Motivation pa 1955). In Skinner’s view, 
EOR sat that oes not reside in the per- 
the liftin ge such as insight, 
Unconsciog o repressions, making the 
Necessar S conscious, etc., are un- 
ty for behavior change. The idea 
the fa learn to do things because 
Problem, mA is discarded, and the 
teinforeine omes one of altering the 
quate be environment so that ade- 
: er, are maintained, effec- 
A cad a, and inade- 
X g Mi 
Meyerson, = (Michael 
are į pe: age Wolpe, and Skinner 
Phasis on A respect to the em- 
S the focus i ehavior modification 
ai olpe 4 remedial efforts, Eysenck 
Gey with mploy a Hullian behavior 
on ad Constructs such as inhibi- 
Skinner, i which are rejected by 
gence is oe Sh this theoretical di- 
thë Sco great Importance, it is 
r See ¢ pe of this paper. 
SJection erapy is derived from the 
tol psychodynamic 
les, and consists of the 


application of the principles of modern 
learning theory to the treatment of be- 
havior disorders. Theorists who have 
described behavior therapies (Bandura, 
1961; Dunlap, 1932; Eysenck, 1960a; 
Metzner, 1961; Skinner, 1953; Wolpe, 
1958) have often used different terms 
for similar procedures. Descriptive 
terms for treatment procedures tend to 
be confounded with the learning mech- 
anisms involved in behavior modifica- 
tion. In this paper, the following classi- 
fication is used: 

1. Aversion therapy. (a) Aversive 
stimuli are presented in conjunction 
with the elicitation of a maladaptive 
response (counterconditioning or pun- 
ishment, Bandura; aversion therapy, 
Eysenck; conditioning avoidance re- 
sponse, Wolpe). (b) Aversive stimuli 
are reduced or terminated upon the oc- 
currence of a response whose low fre- 
quency constitutes a behavior deficit 
(negative reinforcement, Skinner; condi- 
tioned anxiety-relief responses, Wolpe). 

2. Negative practice. The maladap- 
tive response is elicited repeatedly and 
frequently (extinction, Bandura; nega- 
tive practice, Dunlap; conditioned in- 
hibition, Eysenck; reactive inhibition, 
Metzner). 

3. Operant conditioning. Reinforcing 
stimuli are presented which increase the 
frequency of responses whose low fre- 
quency constitutes a behavior deficit 
(reward, Bandura; positive condition- 
ing, Eysenck; operant conditioning, 
Skinner). 

4. Reinforcement withdrawal. Posi- 
tive reinforcing stimuli are withdrawn 
following the occurrence of a maladap- 
tive response (extinction, Bandura). 

5. Desensitization. Stimuli evoking 
maladaptive responses are repeatedly 
presented at low intensities which do 
not provoke a full-blown response. 
Stimulus intensity is systematically in- 
creased until even high intensities no 
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longer evoke maladaptive responses 
(counterconditioning, Bandura; recip- 
rocal inhibition, Eysenck; graded stim- 
ulus situations, Metzner; reciprocal in- 
hibition with systematic desensitization, 
olpe). ; 
re is review, maladaptive behaviors 
are divided into neurotic and psychotic 
disorders for purposes of convenient 
communication. Within these broad 
categories, the cases are organized 
around the dominant maladaptive be- 
havior treated by behavior therapy. 
Wherever possible, such clusters of 
cases are grouped according to standard 
psychiatric nomenclature. The terms 
fear and anxiety are used interchange- 
ably. 
Neurotic DISORDERS 


Phobic Reaction 


The most widely used and successful 
behavior therapy for phobias was de- 
veloped by Wolpe (1958). It is a de- 
Sensitization procedure based on the as- 
sumption that relaxation responses are 
antagonistic to fear. Therapist and 
patient construct a ranked list of fear- 
evoking stimulus situations, The pa- 
tient is then trained to relax, often 
while hypnotized. He is then told to 
visualize the weakest fear situation on 
the list. After a few trials it 
be visualized without fear, 
the next situation in the hierarchy is 
visualized. Eventually relaxation re- 
sponses come to be attached not only 
to all visualized situations on the list 
but also to their real-life counterparts. 
The induced relaxation is said to recip- 
rocally inhibit the fear, which extin- 
guishes upon repetitions of the pro- 
cedure. Wolpe occasionally used an 
anxiety-relief procedure in which he 
administered an electric shock to the 
forearm which the patient terminated 
by saying “calm” when it reached un- 
bearable intensity. Patients reported 


can usually 
whereupon 


that the repetition of calm, which had 
been associated with fear/pain cessa- 
tion, was often helpful in reducing 
fears. Wolpe reported that 90% of 
210 patients treated by such methods 
were cured or much improved. Of the 
210 cases, 135 were termed anxiety 
reactions, including phobias, so the 
exact number of cured phobics is un- 
known. 

Desensitization methods similar to 
this have been very successful in 
treating fear of small animals (Free- 
man & Kendrick, 1960; Jones, 19244, 
1924b; Lang & Lazovik, 1963; Lazarus, 
1959; Lazarus & Abramovitz, 1962; 
Lazarus & Rachman, 1957; Lge: 
& Zaslove, 1963), fear of the dar 
(Holmes, 1936), fear of height (Holmes, 
1936; Lazarus, 1961), fear of cars 
(Lazarus, 1959; Wolpe, 1962a, 1962b); 
agoraphobia (Meyer, 1957; Fao 
1949; Wolpe, 1958), fear of hospitals 
and injections (Lazarus & Rachman, 
1957; Rachman, 1959), and fear O 
public speaking (Grossberg, 1963): 
Meyer and Gelder (1963), howevels 
were unsuccessful with agoraphobics 
and reported one of the few instances 
of symptom substitution in the behav 
ior therapy literature. Malleson (1959) 
reported that instructions to practice 


an examination fear led to its rapid €% 
tinction, 


Anxiety Reaction 


Many patients Wolpe (1958) cured 
with desensitization complained | 
Pervasive rather than specific anxiety: 
Wolpe (1961) described the success! 
extension of desensitization therapy 
Problems such as feelings of guilt 4°” 
devaluation. Other cures of anxiety 1” 
actions by desensitization and relax® 
tion were reported by Haugen, pison 
and Dickel (1958) and Lazarus 2 
Rachman (1957). 
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Gross Stress Reaction (Combat) 


ee World War IT desensitiza- 
was successfully used to reduce 
oe startle responses to noise, 
ig Presentation of low intensity 
a, which were gradually made 
re Mags maladaptive responses ex- 
Rett ed (McLaughlin & Millar, 1941; 
ac. A 1961; Saul, Rome, & Leuser, 
; Schwartz, 1945). 


Sexual Disorders 


<n (1961) reviewed the re- 
setil atire on behavior therapies for 
dded disorders and his data are in- 
Rien p section. Freund (1960) 
G Tause at aversion therapy with 
emetine nt drugs, apomorphine and 
convenia no more successful than 
male nie Psychotherapy with 67 
to he i ee Oswald (1962) failed 
drugs A ae homosexual with these 
dat ough Max (1935) reported 
Sin ae electric shock as the aver- 
(1962) mulus. Clark (1963), Oswald 
apomorp Sn Raymond (1956) used 
of five a Successfully to cure four 
(1961) etishists, Glynn and Harper 
lakem Lavin, Thorpe, Barker. 
abomorphi and Conway (1961) used 
Cure dose aversion conditioning to 
Wald (ies gy ansvestites although Os- 
is Proceq ) reported a failure with 
Parent] ure. Aversion procedures ap- 
the a yield equivocal results, and 
the Sock is further complicated by 
Out aversion’ apomorphine alone, with- 
to reat ne Conditioning trials, is used 
ko uroses (Kalinowsky & Hoch, 

unla; 
p aive prec 1932) reported that 
tae oSexuality a procedures had cured 
Cur.) Stevenson ut furnished no de- 
rein t o hones and Wolpe (1960) 
the orcing = exual men by verbally 

m in beto Sertiveness which aided 
ming more aggressive with 


women. Wolpe’s systematic desensitiza- 
tion seems to be more successful than 
aversion methods, with many cures re- 
ported for impotence and frigidity 
(Lazarus, 1963; Lazarus & Rachman, 
1957; Wolpe, 1960), and voyeurism 
and exhibitionism (Wolpe, 1958), al- 
though Bond and Hutchison (1960) 
were only partly successful in treating 
a chronic exhibitionist. 


Conversion Reactions 


Sensorimotor Disorders. Hilgard and 
Marquis (1940) and Sears and Cohen 
(1933) used classical conditioning 
methods to reinstate feeling and move- 
ment in two women with functional 
disorders of the arm and hand. Cohen, 
Hilgard, and Wendt (1933) and 
Malmo, Davis, and Barza (1952) re- 
instated seeing and hearing, respec- 
tively, by similar procedures. Brady 
and Lind (1961) cured a functionally 
blind man by operant conditioning in 
which his use of visual cues was sys- 
tematically reinforced. However, the 
role of conditioning seems confounded 
with suggestion effects in these cases. 
For example, in the Malmo, Davis, and 
Barza case the patient was emphatically 
told that the conditioning procedure 
would restore her hearing, and there 
were distinct opportunities for such 
effects in the other cases. 

Anorexia Nervosa. White (1959) 
cured a 5-year-old girl who stopped 
eating following the death of her father 
who used to help feed her. Successive 
approximations to independent eating 
were instituted during play therapy, 
beginning with sham eating at doll tea 
parties, followed by the eating of doll 
portions of food. Bachrach, Erwin, and 
Mohr (in press) reinstated eating in a 
woman whose weight had fallen from 
118 to 47 pounds by making reinforce- 
ments such as visits, books, music, and 
TV viewing contingent upon her eating. 
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Obsessive Compulsive Reaction 


Dunlap (1930) and Walton (19606) 
used negative practice to cure obsessive 
thoughts of illness and compulsive 
handwashing. Bevan (1960) used de- 
sensitization to eliminate _ obsessive 
thoughts of world destruction in a 
housewife. Lazarus (1958) cured a man 
with a handicapping compulsion to 
recheck his work by suggesting under 
hypnosis that rechecking aroused great 
fear which was immediately reduced 
by leaving the task to go on to another. 
Wolpe (1958) reported two effective 
“thought stopping” procedures based 
on the therapist’s shouting, “Stop!” 
whenever the patient signaled that he 
was experiencing an obsessive thought. 


Enuresis 


Jones (1960a) reviewed the physiol- 
ogy, psychology, and treatment of noc- 
turnal enuresis, with emphasis on the 
bell conditioning treatment devised by 
Mowrer (1938), Jones cited 15 studies in 
which this treatment was applied to 
1,446 enuretics, with a total of 76% 
cures and 14% failures. Data for “mark- 
edly improved” cases are not included 
since some authors classified these as 
cures while others retained this as a sep- 
arate category. There were no reports of 
symptom substitution, although most 
investigators reported beneficial per- 
sonality changes. This suggests that the 
other adjustment difficulties often men- 
tioned in conjunction with enuresis are 
probably secondary to the enuresis. 
The conditioning procedure appears to 
be very successful, especially in view of 
the fact that many of the cases were 
hard core enuretics who had failed to 
respond to other treatments. There is 
some evidence that the cure rate could 
be further improved by using partial 


reinforcement, more widely spaced 
trials, and overlearning (Eysenck, 
1963). 


Jones (1956) cured a woman with 
excessive urinary frequency by allowing 
her to observe her own bladder pres- 
sure reading which preceded the urge 
to urinate. He then introduced increas- 
ing amounts of liquid directly into her 
bladder while manipulating the pres- 
sure gauge so that it always read below 
her urinary threshold. 


Alcoholism 


To date, some form of aversive pro- 
cedure has been the sole behavior 
therapy for alcoholism. Franks (1958), 
in a comprehensive review of the liter 
ture, criticized those who have use 
aversive methods for their ignorance 
of learning theory, especially the facts 
regarding the necessary relationships 
between conditioned and unconditione 
stimuli and responses. In addition, he 
cited the lack of uniformity of pt 
cedures, the dearth of technical de- 
tails, and general failure to use noxious 
stimuli other than nauseant daen 
such as electric shock, which would af- 
ford more stimulus control and has 
fewer side effects. The large sample 
studies cited by Franks reported aver” 
age total abstinence rates of approx!” 
mately 50% several years after treat 
ment, which is no better than the pa 
covery rate reported for religious CO” 
version, social therapy, or standare 
Psychotherapy (Carlson, 1944). Har 
ever, aversion therapy seems to y 
shorter and less expensive than ma? 
of these other treatments. 


Speech Disorders 


The unsystematic use of gradual ap” 


; : r is 
proximations to adequate speaking d 
very common in many areas of spe® 


retraining. With stuttering, most e 
havioral approaches have used som 
form of negative practice. Lehn? 
(1954) 


. ce 
> IN a review of negative Pres 
tice methods, concluded that rest 
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Were best in habit residual cases where 
ane that originally produced 
‘tering are absent, and where the 
tent wants speech improvement 
ioe more general behavior modi- 
te on Jones (1955) demonstrated 
a Cecreases in stuttering with repeti- 
fen was a form of experimental extinc- 
Rn: Opening the way for learning in- 
Cee tations of this behavior. Sheehan 
ie and Wischner (1950) proposed 
mn, learning theories of stuttering 
Galai a response conflict model, and 
Sf te Ta (1962) presented an oper- 
‘ah ee theory. Shane (1955) 
seca hat a loud masking noise de- 
Saves (ieee stuttering. Cherry and 
Marland 956) and Cherry, Sayers, and 
hares Pig confirmed this and 
doe fy wt hat Speech shadowing” prac- 
terial ts the patient parroted ma- 
wl t P or spoken by the therapist 
ad oe Improvement. Walton 
stuttered ¢ ( 1958) cured a man who 
Using the pied during telephone calls, 
and Rach Shadowing method. Lazarus 
with mest (1957) reported a cure 
Planage, amie desensitization, and 
58) he *oldiamond, and Azrin 
having a og stuttering frequency 
tief bi ach stuttered word produce 
vast of loud noise. Bloodstein 
Many — and classified the 
cessfully a techniques which suc- 
Clearly reduced stuttering, His paper 
i illustrates the dangers of 
theoretic Peutie effectiveness to verify 
a o formulations. He reported 
abolis} ‘ttering is often reduced or 
hed wh Based 
ects en the communicative as- 
een are reduced, as in 
talks o .. Wing; when the patient 
Perso ; A, Understanding or helpful 
Since, aH Ais therapists who have a 
own articul unbounded faith in their 
i p onia ar method, whatever it is. 
949, 1950) Bangs and Freidinger 
cured an aphonic girl and 


a woman by requiring graded vocal 
activities that were made more and 
more similar to voiced social speaking. 
Walton and Black (1960) cured an 
aphonic woman by changing the length 
of vocal practice sessions to reward 
voice volume increases and punish 
volume decreases, and by practice in 
vocal tasks approximating everyday 
life conversation. 


Special Symptom Reactions 


Dunlap (1932) first reported that 
the negative practice of tics led to their 
abolition, and this method was suc- 
cessfully employed by Ernest and Jones 
(Jones, 1960b), Walton (1961), and 
Yates (1958a). Barrett (1962) re- 
duced tic frequency by having a pa- 
tient listen to recorded music which 
was automatically interrupted by each 
tic movement. 

Liversedge and Sylvester (1955; 
Sylvester & Liversedge, 1960) reviewed 
history and treatment of occupational 
cramps, primarily writer’s cramp, and 
built several retraining devices which 
delivered an electric shock whenever 
writing practice was disrupted by 
spasms or tremor. With this form of 
aversion therapy they cured 24 of 39 
patients. Beech (1960) cured three of 
four patients with negative practice of 
the cramp or systematic desensitization. 

Dunlap (1930, 1932) reduced the 
frequency of nailbiting and thumbsuck- 
ing in “many” cases with negative prac- 
tice although complete extinction was 
rare since motivation declined along 
with habit frequency. Baer (1962) re- 
duced thumbsucking frequency in three 
boys by interrupting movie cartoons 
each time the thumb was sucked. 

Kuehner (1956) cured “several” 
cases of teeth gnashing during sleep by 
a posthypnotic suggestion that the pa- 
tient would awaken when the mastica- 
tion muscles contracted strongly. Wil- 
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liams (1959) extinguished paan 
screaming tantrums in a Zlmonti a d 
boy by leaving the boy’s room an 

shutting the bedroom door. Zimmerman 
and Zimmerman (1962) used operant 
conditioning to eliminate maladaptive 
classroom behavior in two psychiatric 
inpatient boys. The teacher withheld 
attention until adaptive behavior was 
emitted, and then gave generous social 
reinforcement, resulting in marked 
academic and social improvements. 
While these last two reports seem to 
describe nothing other than what some 
parents and teachers have done for 
generations, nevertheless it is important 
to demonstrate that there are general 
psychological principles underlying suc- 
cessful behavior modifications. 

Slack (1960) used an operant pro- 
cedure to establish and maintain regular 
therapy contacts with highly resistant 
juvenile delinquents. Initially he tol- 
erated irregular attendance and then 
gradually shaped regular punctual at- 
tendance by reinforcing it with money, 
food, cigarettes, and occasional bonuses. 
Slack does not regard this méthod as 
therapy but rather as a means of estab- 
lishing sufficient contact so that the 


patient can learn that help is available 
if he wants it. 


Miscellaneous Disorders 


Walton (1960b) cured a woman 
whose excessive scratching aggravated a 
severe skin rash by instructing her 
fiance and family to omit the excessive 
attention which seemed to reinforce this 
response. Walton (1960a) relieved a 
case of bronchial asthma in an in- 
hibited man whose attacks seemed re- 
lated to a demanding wife, family, and 
business associates. After desensitiza- 
tion and assertiveness training, social 
relationships and asthma improved 
markedly. 

Efron (1957) used stimulus substitu- 


tion therapeutically to eliminate chronic 
uncinate grand mal convulsions. After 
Efron discovered that an aromatic odor 
inhibited the woman’s fits, he was able 
to train her to substitute looking at a 
bracelet for sniffing the aromatic sub- 
stance, thus effecting a conditioned in- 
hibition of the fits. Rubinstein (1931) 
cured two morphine addicts by associat- 
ing a neutral stimulus with daily mor- 
phine injections, and then gradually 
reducing the concentration of drug in 
the injections. Kalinowsky and Hoch 
(1961, p. 214) reported that Soviet 
psychiatrists had been moderately suc- 
cessful using a similar stimulus substi- 
tution procedure to reduce the amount 
of insulin required to induce coma in 
treating schizophrenics. 


Psycuotic DISORDERS 
Adult Psychosis 


Although behavior therapy applied 
to psychotics has resulted in beneficial 
behavior changes such as increasing 
sociability, decreased delusional talk, 
etc., few investigators have reporte 
hospital discharges attributable to treat- 
ment. Operant conditioning procedures 
were used in the majority of studies. 
Fuller (1949) operantly conditione 
and extinguished an arm-raising ree 
sponse in a bedfast vegetative idiot, 
using a sugar-milk solution as rei” 
forcement. Peters and Jenkins (1954) 
used fudge to reinforce the solving ° 
increasingly complex problems, in ee 
attempt to alter schizophrenic rigidity; 
and found that their experiment? 
group was granted significantly mo 
hospital privileges. Lindsley (1950 
1960) devised an ap 


paratus and pet 
cedure for the experimental analys 


and control of Psychotic behavior. b 
patient was seated before a sort í 
vending machine containing a plung? 
which, when manipulated, could , 

made to deliver various reinforci”’ 
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stimuli. In this way Lindsley studied 
the behavioral effects of different re- 
inforcing stimuli, reinforcement sched- 
ules, ` drugs, hallucinations, and psy- 
chotherapy. King, Armitage, and Tilton 
(1960) used a similar apparatus with 
Mithna schizophrenics in an attempt 
— tip more social behavior and 
Mi Onmental interest, and noted sig- 
cant improvements in ward behavior 
ratings, 
Togs and Michael (1959) success- 
eae Operant conditioning and 
cific oo Procedures to eliminate spe- 
i stuptive behaviors such as ex- 
nile floor scrubbing, newspaper 
misa and pestering visits to the 
(1962) station. Ayllon and Haughton 
quirin eliminated eating problems re- 
in ah E pees staff time and effort 
to the di 2 patients by denying access 
he eae hall to patients who did 
Ayllon oa a brief time period. 
0 eliminat 3) used similar procedures 
ing, aT. e food stealing, towel hoard- 
another wearing excessive clothing in 
Sings Psychotic patient. Isaacs, 
instated’ tata Goldiamond (1960) re- 
tein i king in two mute catatonics 
ions to rcing successive approxima- 
Rickard Fi with chewing gum. 
increased fon and Horner (1960) 
Sate amount of rational speech 
tematical se Psychotic man by sys- 
interest ca Manipulating the therapist’s 
tent, T ilar sae to his speech con- 
7. man’s improvement was still 
Toa later (Rickard & Dinoff, 
Ickland (1963) assigned his 
A asks which more and more 
vorko rimated independent living 
4 8, and found that 40 of 41 
Schizophrenic women in this 
Were released from the hos- 
Were supporting themselves 


helping one of two phobic paranoid 
schizophrenics. Walton (1960d) cured 
a schizophrenic man with exaggerated 
fears of women and social relationships 
by practice in tasks requiring increas- 
ing social contacts with women and 
others, although the patient’s history of 
relapses suggested that his cure might 
be short-lived. Thompson and Bielinski 
(1953) reported that six alcoholics 
whose psychosis preceded their alco- 
holism were cured of both disorders 
after drug aversion therapy. 


Child Psychosis 


Ferster and DeMyer (1961, 1962) 
described an operant conditioning ap- 
paratus and procedure similar to 
Lindsley’s, consisting of many coin- 
operated vending machines, which they 
used to analyze and control autistic 
children’s behavior. They reported that 
these children did the same things as 
normal children but much less fre- 
quently. Various reinforcing operations 
were successful in widening the chil- 
dren’s narrow behavior repertoires. 
Ferster (1961) presented a detailed 
analysis of autistic behavior and those 
factors relevant to its acquisition and 
maintenance. Wolf, Mees, and Risley 
(1963) used operant conditioning meth- 
ods with a 3-year-old boy to eliminate 
injurious tantrums and bedtime dis- 
turbances, and to train him to wear 
eyeglasses which were needed to pre- 
vent permanent eye damage. 


DISCUSSION 


Behavior therapies have been most 
successful when applied to neurotic dis- 
orders with specific behavioral mani- 
festations. Desensitization procedures 
have been successfully applied to the 
greatest variety of neurotic problems, 
while therapeutic stimulus substitution 
has rarely been used. Aversion therapy 


82 JOHN M. GROSSBERG 


has produced disappointing results in 
alcoholism and sexual disorders, al- 
though more successful in treating oc- 
cupational cramps. Negative practice 
procedures have proven most helpful 
in treating stuttering and tics. Operant 
conditioning procedures have been used 
most frequently with psychotics but as 
yet there are few reports of clinical 
recoveries. On the basis of current evi- 
dence, behavior therapy appears to be a 
superior treatment for phobic reactions 
and enuresis, and definitely worthwhile 
with selected individual cases of other 
disorders. 

Many Psychologists who are inter- 
ested in behavior therapy have aban- 
doned traditional depth psychotherapies 
because of their questionable effective- 
ness (Astin, 1961; Eysenck, 1952, 
1961; Levitt, 1957), their basic as- 
sumption of a scientifically unaccept- 
able mind-body dualism (Kantor, 1953; 
Rotter, 1954; Skinner, 1953), and their 
tenacious devotion to a poorly defined 
explanatory system which is made to 
encompass all Past, present, and future 

uman experience, Many advocates of 
the psychodynamic viewpoint, on the 
other hand, regard behavior therapy as 
the result of a naive Pragmatism which 
overlooks or ignores the basic thera- 
peutic agent in its procedures, sugges- 
tion, and transference (Rosenzweig, 
1954). Successful behavior therapy is 
criticized as palliative and superficial 
at best, and possibly harmful through 
symptom substitution (Bookbinder, 
1962). There are also objections to the 
direct, deliberate, and systematic ma- 
nipulation of the patient’s behavior as 
authoritarian and antihumanistic (for 
a discussion of this issue, see Bandura, 
1961). These criticisms are discussed 
below. 

Suggestion-Transference. Tt is not 

logically possible to prove the absence 
of an effect such as suggestion in elimi- 


nating maladaptive behavior, or that 
substitute symptoms do not occur. 
However, assuming that suggestion- 
transference effects are behavior modifi- 
cations resulting from some aspect of 
the therapist-patient interaction and pa- 
tient expectations, rather than the spe- 
cific treatment procedure, we can then 
discuss behavior therapy procedures to 
see what opportunities they afford for 
such effects. Carlson (1944) discussed 
the many opportunities for suggestion 
effects in the ritualistic aversion therapy 
séances for alcoholism, and his crit- 
icism is supported by the finding that 
outcome rates are approximately the 
same for widely different treatment 
methods. Bloodstein (1949) indicated 
that stuttering frequency may be et 
duced effectively by numerous nove 
procedures, complicating the role of be- 
havior therapy in this disorder. Clas- 
sical conditioning methods applied to 
conversion reactions also offered many 
opportunities for suggestion. However! 
the suggestion-transference hypothesis 
receives little support in the remain- 
ing studies, particularly the desensitiza- 
tion literature. Behavior therapy has 
often been a last resort, and since Pa" 
tients have Previously received psy“ 
chotherapy or other treatment, there 
would have been ample prior opportun- 
ity for flight into health, Some of the 
Successes reported for various therapies 
Probably represent such suggestio” 
cures. Behavior therapies are generally 
brief and Straightforward, with few 
departures from conventional social i 
teraction than traditional psychothera 
Dies, offering a less awesome atmospher® 
for suggestion cures. Modifications a 
maladaptive behavior during behavior 
therapy are Senerally gradual a0" 
regular rather than sudden and ae 
matic, and resemble the response curve? 
obtained during acquisition or extin 
tion of conditioned responses. Wolp 
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(1962b), in treating a phobic patient, 
ete to omit all activities which 
rie give grounds for a suggestion 

Tpretation. He substituted a medical 
a therapist for himself for five 
Gaon with no disruption of desensi- 
as Mg cited the fact that de- 
PEA fear only occurred during 
pas e sessions but not in the 
tnd Fo le between sessions. Meyer 
1961) weed (1963) and Wolpe (1958, 
meee the important point that 
rei only alleviates those 
other oy that are being treated, but 
eo ee phobias remain at high 
effect a indicating a specific treatment 
ete ontrolled studies by Lang and 
cmp Oe, and Lazarus (1961) 
sensitizers additional evidence that de- 
relaxatie fon rather than hypnosis or 

a a alone led to improvements. 
therapy neral consideration of behavior 
EPE A tes as well as specific 
ii a N of the role of suggestion 
sion thar r aia! support the conclu- 
chavion „elimination of maladaptive 
specif; 1S probably related to the 

© method of treatment. 


Ympt pee , 
Psych Ptom Substitution. According to 


tive fee formulations, maladap- 
flic caus Is a derivative of the con- 
Striving ‘on the contradictory impulses 
forces Tie discharge and defensive 
charge t is makes it impossible to dis- 
tension ae in the usual way, so 
SYstem mes, and the defensive 
Producin Overpowered by excitation, 
are sympt distorted discharges which 
Which le oms. It follows that treatment 
tesolveq aves the central conflict un- 
Stitute on be unsuccessful, and sub- 
‘Ssue is 2mptoms are expected. This 
the empiri tant not only because of 
S of s eal question of the effective- 
Hien, | °”™Ptomatic treatment and pa- 
ari, but because it tests a 
directly derived from psy- 
theory, thus bearing on the 


esis 


g 
Roanalytic 


utility of this aspect of the theory 
(Eysenck, 1960a; Yates, 1958b). The 
overwhelming evidence of the present 
review is that therapy directed at elimi- 
nation of maladaptive behavior (“symp- 
toms”) is successful and long-lasting. 
Substitute symptoms were reported in 
two cases of all those surveyed (Lazarus 
& Rachman, 1957; Meyer & Gelder, 
1963), although a number of investiga- 
tors with psychoanalytic backgrounds 
were particularly sensitive to this prob- 
lem. Unfortunately, psychotherapists 
seem to have stressed the hypothetical 
dangers of only curing the symptoms, 
while ignoring the very real dangers of 
the harm that is done by not curing 
them. 

Bookbinder (1962), in a discussion 
of this issue from a psychodynamic 
viewpoint, stated that depth psycho- 
therapy treats neurotic predispositions 
and reorganizes the character structure, 
rather than manipulating individual 
symptoms, and is therefore of wider 
and more permanent benefit. He also 
criticized behavior therapists for an 
overly narrow definition of symptoms, 
and suggested that subtle substitute 
symptoms such as ways of relating to 
others, undesirable mood states, and 
pathological ways of handling one’s 
internal life may be overlooked. He 
cited several studies in which severe 
pathological reactions were precipitated 
by experimental hypnotic symptom re- 
moval or medical treatment of ulcers, 
ulcerative colitis, and asthma. Book- 
binder suggested that since most be- 
havior therapists have dealt with neu- 
rotic disorders which are painful or 
inconvenient, perhaps substitution is 
more likely in severe conditions which 
pose a danger to life. This is an inter- 
esting empirical question, but present 
evidence indicates that behavior therapy 
is seldom followed by additional be- 
havior problems or relapse, although 
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tom substitution may be a danger 
i, doaewuate or improper psychody- 
namic psychotherapy or the medical 
treatment of psychosomatic disorders. 

Manipulation of the Patient. Be- 
havior therapy has been criticized for 
mechanical manipulation of the patient, 
but there is abundant research evidence 
of subtle, unintentional therapist ma- 
nipulation, especially of verbal behavior 
in dynamic psychotherapies (Bandura, 
1961; Frank, 1961; Greenspoon, 1962). 
If there is agreement that all psycho- 
logical treatment involves a lawful in- 
terpersonal influence process, then ob- 
jections must be to the kind of ma- 
nipulation or influence involved in þe- 
havior therapy, rather than to manip- 
ulation per se. 

It is unlikely that substantial num- 
bers of traditional psychotherapists will 
begin to apply behavior therapies, re- 
gardless of their demonstrated econ- 
omy or success. Many mature psycho- 
therapists are Personally and profes- 
sionally committed to personality the- 
ories and treatment methods diamet- 
rically opposed to those of behavior 
therapy. According to Frank (1961), 
evocative therapies which stress self- 
knowledge and insight appeal to well- 
educated people who place a high value 
on self-knowledge and verbal skill, while 
directive methods have low status for 
this group. Hobbs (1962) pointed out 
that insight and understanding appeal 
to us as central mechanisms in psycho- 
therapy because of our culture’s strong 
commitment to rationality in problem 
solving. Behavior therapists do not 
subscribe to a central conflict, symp- 
tom derivative model, and therefore in- 
sight or the patient’s knowledge of the 
origin of his problems are extraneous 
to treatment. It is on the proving 

grounds of the training institutions and 
laboratories that behavior therapy will 
compete with traditional theories and 


practices for the interest of critical 
young psychologists. Its initial successes 
will probably be tempered by later 
reports, as is so often the case with 
any treatment innovation. There are 
too few controlled studies in the be- 
havior therapy literature, and there is 
an obvious need for comparing directly 
the effectiveness of traditional therapies 
and behavior therapy with various 
kinds of maladaptive behaviors. Be- 
havior therapists too often seem pre- 
maturely committed to outmoded or 
oversimplified versions of learning 
theory, with little clear connection be- 
tween the theory and practice (Rotter, 
1960). Meanwhile, this continues to 
be an extremely active research area. 
A new journal has been launched to 
report work in this field, Wolpe (1961) 
has been working at the extension of 
behavior therapy to additional less cir- 
cumscribed behavior disorders, and 
others* (Lang & Lazovik, 1963) are 
investigating confounded variables in 
the desensitization procedure. The dem- 
onstrated success of behavior therapy 
has created challenging new possibilities 
for the highly effective treatment of be- 
havior disorders and the fruitful mar- 


riage of basic science and practice in 
psychology, 


2 Beatrice Ashem, personal communication, 
1963, 


—— 
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Anatomically the amygdala is part of the limbic system. It receives 
input from all sensory modalities and from interpretive cortex and it 
sends impulses to basic subcortical structures such as the hypothalamus 
and reticular formation. The evidence shows that the amygdala is very 
important in the regulation of drives, especially fear, but is not itself 
essential for their elaboration. It appears that the amygdala is primarily 
involved in the suppression of motivated approach behavior and in 
the association of fear and avoidance behavior with previously neutral 


stimuli. 


eat the amygdaloid complex or 
Sind fey 4 group of closely associ- 
Poral lobe oe deep in the tem- 
uncus mos eee partly beneath the 
iene F si e the hippocampus, it 
on its ier T with the grey matter 
lentiform me ial aspect, and with the 
entiation Rar hy dorsally. The differ- 
Batra he various nuclei within 
Unchanged fre has remained essentially 
study of rom marsupials to man. The 
ever, ER sag primitive animals, how- 
a Primiti a phylogenetic division into 
more re e centromedial group and a 
1923; Ko ateral group (Johnson, 
a egami, Fuse, Yokoyama, 
ipa & Watanabe, 1955). 

i Sep medial group is composed 
th nid ntral and medial nuclei and 
tract, US Of the lateral olfactory 
of the a p oalcelted medial portion 
eluded pe nucleus is also sometimes 
Cortical nucl any authors consider the 

ia fare to belong to the centro- 
° Use the P, and it is even common 
(Gloor 19 name “corticomedial group” 
Andersen 60; Johnson, 1923; Kaada, 
ruger, T954 Jensen, 1954; Pribram & 
Sat - However, there is a lack 
v SUpervisich doctoral thesis written under 
aa £ i P.M. Milner, McGill Uni- 
2 neil ed by a National Research 
tario OW at hee Studentship. 
A niversity of Waterloo, On- 
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of agreement about this (Koikegami 
et al., 1955), so it is probably wiser to 
leave the cortical nucleus unclassified. 

The basolateral group includes the 
lateral nucleus and the large-celled lat- 
eral portion of the basal nucleus. It is 
also usual to include the medial por- 
tion of the basal nucleus, but again, 
this is not unanimous (Koikegami et al., 
1955). 

The afferent connections to the amyg- 
dala are not very well defined. There is 
a considerable olfactory input from the 
lateral olfactory tract into the cortical 
and centromedial nuclei, and there are 
direct connections from the piriform 
cortex (Fox, 1940; Gloor, 1960; John- 
son, 1923; Kaada, 1951; Pribram, 
Lennox, & Dunsmore, 1950), the in- 
ferior temporal gyrus (Whitlock & 
Nauta, 1956), and probably from the 
temporal pole (Klingler & Gloor, 1960; 
Pribram et al., 1950; Segundo, Naquet, 
& Arana, 1955). The amygdala also 
receives impulses from the brain-stem 
reticular formation (Machne & Segundo, 
1956), the cerebellum (Anand, Mal- 
hotra, Singh, & Dua, 1959a), the hip- 
pocampus (Gloor, 1960), and the thala- 
mus (Wendt & Albe-Fessard, 1962). 
The stria terminalis, which in the past 
has been considered only as an efferent 
pathway from the amygdala, has re- 
cently been shown to carry important 
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afferent connections to the amygdala 
(Hilton & Zbrozyna, 1963; Zbrozyna, 
1960). P B 

The amygdala also receives input 
from all the various sensory modalities 
(Bonvallet, Dell, & Hugelin, 1952; 
Gloor, 1960). Microelectrode recordings 
have demonstrated that there is often 
convergence from many modalities on 
to the same amygdaloid cell (Machne 
& Segundo, 1956; Sawa & Delgado, 
1963). “Attention attracting” and mean- 
ingful stimuli appear to have stronger 
effects and Wendt and Albe-Fessard 
(1962) have demonstrated that the 
somatic stimuli are mediated via the 
ventral posterolateral nucleus of the 
thalamus and the somatic cortical Area 
TE 

The efferent connections of the amyg- 
dala are extremely widespread. Gloor 
(1960) has recently published a re- 
view article in which he thoroughly dis- 
cusses the amygdaloid projection sys- 
tem. There has been no recent evidence 
that significantly modifies this treatise. 
The primary projection field, charac- 
terized by short latency monosynaptic 
connections, consists of the basal septal 
region, head of the caudate nucleus, 
preoptic area, anterior hypothalamus, 
ventromedial hypothalamus, contralat- 
eral amygdala, piriform cortex, anterior 
temporal cortex, and insular cortex. 
The secondary projection field, charac- 
terized by longer latency multisynaptic 
connections consists of the remainder 
of the hypothalamus, subthalamus, en- 
topeduncular nucleus, mesencephalic 
tegmentum, hippocampus, diffuse tha- 
lamic projection system, and ultimately 
most of the neocortex (Gloor, 1960). 
To this should be added the nuclei 
medialis dorsalis, lateralis posterior, and 
lateralis dorsalis of the thalamus (Fox, 
1949) which are the thalamic projec- 
tions to associative cortex (Pribram, 
1960). 
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It can be seen, therefore, that the 
amygdala is not only strongly con- 
nected to the limbic “emotion” system, 
but has a diffuse projection, not le 
like the reticular system (Adey, 1958; 
Feindel & Gloor, 1954), and does 1m 
fact modify the activity of the reticular 
system (Adey, Buchwald, & Lindsley, 
1960). It is not surprising that stimu- 
lation or ablation of the amygdala se 
been found to affect many types 0 
behavior. Effects that have been pro: 
duced by experimental intervention with 
amygdaloid function include changes i? 
eating, drinking, sexual and maternal 
behavior, fear, aggression, awareness, 
memory, as well as many autonomic 
and endocrine changes. 


General Arousal 


Following bilateral removal of tke 
amygdala, animals are frequently Ja 
pressed. Body temperature may be a 
duced for several days (Anand & Bro- 
beck, 1952) and the animals may p 
main lethargic and sphinxlike for 4 
week or more. During this time he 
do not clean themselves and frequently 
require forced feeding (Koikegami : 
al, 1955; Schreiner & Kling, 1953P" 
Yamada & Greer, 1960). ff 

This lethargy gradually wears a 
and the animal may become hypes 
tive (Schreiner & Kling, 1953b; T 
ner, 1954; Wood, 1958: Wood, 195 
The hyperactivity appears to be pas 
on an increased reactiveness to ne 
ronmental stimuli, particularly vis" Š 
stimuli. The animals examine and nis 
examine everything around them. T” 
examination involves a great deal é 
sniffing and licking (Brady, Schrei” ai 
Geller, & Kling, 1954; Koikega™’ 
Dodo, Mochida, & Takahashi, 193! 
Schreiner & Kling, 1954), g 

Electrical stimulation of the amy?, 
dala causes restlessness (Gastaut; 
gouroux, Corriol, & Badier, 1951) ĉ 
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has been shown to produce cortical de- 
synchronization in the cat, dog, mon- 
pa and human (Feindel, 1961; Kaada, 
ik ). This EEG activation is much 
e that produced by stimulation of 
T reticular formation (Feindel & 
ne ig and may be part of the 
lacie response which has been 
areas me mediated by almost all the 
E aloid projection fibers (Kaada & 
in, 1957b; Ursin & Kaada, 1960b). 


Dietary Changes 


ja atsa ablation of the amygdala 
Sy shown to affect food intake in 
he Aes dog, monkey, and human. 
teu ittle agreement, however, on 
E nature of the change. While 
1 authors find no difference at 
19 nand & Brobeck, 1952; Wood, 
ia ig find a striking decrease 
Nehlil p a (Alajouanine, Villey, 
» & Houdart, 1957: Anand, Dua, 

ans oe 1957a; Brutkowski, Fon- 
5 p einen Mempel, & Sychowa, 
bach, cane et al., 1954; Kling, Or- 
2 Wartz, & Towne, 1960; Kling 
-)vartz, 1961a, 1961b; Schreiner 

4 1953b; Weiskrantz, 1956; 
Greer, 1960) which may last 


a 


Weeks. ew days or as long as several 
Creager) p vet authors report an in- 
1957. ood intake (Alajouanine et al., 
los,’ “uller, Rosvold, & Pribram, 
losz: p cen, Clemente, & DeGroot, 
zami, g p egami, Fuse, Hiroki, Ka- 
Kosman oe yama, 1958; Morgane & 
ba m 196 957, 1959, 1960; Schwartz- 
al] a 1; Wood, 1958) which gradu- 
sloy, “¢lops and then may ‘either 
Ren wee PPear or lead to a perma- 
pease ae In Cases where both a de- 
a in th an increase in eating are 
sii s Mo a animal, the decrease 
i le ereto es the increase. It is pos- 
an isca re that the general depres- 
®Creaseq €d above accounts for the 


ood intake. 


The increased food intake may be ac- 
counted for by a constant nibbling 
where the animal takes all small ob- 
jects into its mouth, ejecting only those 
which are not edible. This oral behav- 
ior, however, does not always lead to 
an increase in body weight (Klüver & 
Bucy, 1938; Pribram & Bagshaw, 1953; 
Rosvold, Fuller, & Pribram, 1951; 
Sawa, Ueki, Arita, & Harada, 1954; 
Schreiner & Kling, 1953a). 

Amygdaloid hyperphagia does not 
seem to result from increased food mo- 
tivation. Masserman, Levitt, McAvoy, 
Kling, and Pechtel (1958) claim that 
amygdalectomy in cats and adult mon- 
keys decreases food motivation. 
Schwartzbaum (1960a, 1961) has shown 
that amygdalectomized monkeys which 
became hyperphagic on ad lib feeding 
can be trained to press a bar for food 
but are relatively unresponsive to varia- 
tions in length of food deprivation and 
differing reward characteristics. 

Perhaps the most consistent picture 
to emerge is that bilateral amygdaloid 
removal causes a severe but transient 
decrease in food intake, followed by a 
longer lasting and sometimes permanent 
hyperphagia. This hyperphagia is char- 
acterized by constant nibbling and does 
not involve high food motivation. 

In view of the many experiments 
showing that amygdaloid lesions affect 
eating, there have been surprisingly 
few stimulation studies on this prob- 
lem. Fonberg and Delgado (1961) have 
shown that stimulation of the amygdala 
in cats immediately inhibits eating and 
the effect may last for several hours or 
even days after the experience. They 
also found that the long-term effects 
were specific to the type of food being 
eaten at the time of stimulation. On 
the other hand Robinson and Mishkin 
(1961), in a preliminary report, claim 
that amygdaloid stimulation in mon- 
keys will cause food and water inges- 
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tion. The number of animals studied in 
both these experiments is very small 
and any interpretation of the results 
would be very tentative. , 

The role of the amygdala in drinking 
has not been studied, although the ani- 
mals that do not eat following amyg- 
daloid ablation probably do not drink 
much either (Brutkowski et al., 1962; 
Yamada & Greer, 1960). 


Sexual Behavior 


Sexual behavior in the rat, cat, lynx, 
agouti, dog, monkey, and human has 
been altered by amygdaloid lesions. 
Most authors have found that a few 
weeks after bilateral ablation of the 
amygdala many animals, particularly 
males, become hypersexual (Anand, 
Chhina, & Dua, 1959; Brady et al., 
1954; Fuller et al., 1957; Green et al., 
1957; Kling et al., 1960; Masserman 
et al., 1958; Orbach, Milner, & Ras- 
mussen, 1960; Pribram & Bagshaw, 
1953; Sawa et al., 1954; Schreiner & 
Kling, 1953a, 1953b, 1954, 1956; Ter- 
zian & Ore, 1955; Wood, 1958). Not 
all authors have found a change (Anand 
et al., 1959; Green et al., 1957; Kling 
& Schwartz, 1961a; Martin, Endréczi, 
& Bata, 1958; Morgane & Kosman, 
1959; Orbach et al., 1960; Weiskrantz, 
1956) and only some of these results 
can be accounted for by an insuff- 
ciently long Postoperative observation 
period. 

Although the hypersexuality involves 
an increase in the amount of sexual be- 
havior, its most striking characteristic 
is that it involves an increase in the 
diversity of sexual behavior. The ani- 
mal will attempt to copulate with non- 
estrous females, males, members of 
other species, and even pieces of cloth. 
The hypersexuality is abolished by cas- 
tration, by lesions of the ventromedial 
nucleus of the hypothalamus (Schreiner 
& Kling, 1954), and by septal lesions 


(Kling et al., 1960). In man the hyper- 
sexuality is rather mild, consisting ° 
holding hands (Sawa et al., 1954) oF 
exhibitionism and masturbation (Ter 
zian & Ore, 1955). i 

Many of the above-mentioned studies 
included removal of the piriform coi 
tex, and Green et al. (1957) found tha 
the piriform removals alone account for 
the sexual changes. Undoubtedly the 
piriform cortex plays a major role, Di 
it cannot be considered to account E 
the entire effect as Wood (1958) m 
shown that lesions restricted to the K, 
eral nucleus of the amygdala will, a 
a delay of several weeks, cause hyP® 
sexuality. 

Several authors have found k 
amygdalectomy causes a decrea 
ea behavior (Kling & Schwan 
196la; Thompson & Walker, BA 
1951; Walker, Thompson, & McQué 
1953). In all cases this decrease pe 
only during the first week or two 4 i 
the operation when the animals g0 
little and frequently do not eat. loid 

Paradoxically, although amygda j 
lesions cause more hypersexuality a 
males than in females, the effects site 
the genital organs show the opp° ale 
Picture. Amygdalectomy in adult ™ 
rats and cats causes a significant e 
generation of the testes, whereas 1? 
adult female cat the ovaries remai 
affected (Greer & Yamada, 1959; 60)! 
et al., 1960; Yamada & Greer, ot 
and in the young female cat, PoP 
dalectomy causes a precocious dev jp 
ment of ovaries, uterus, and Verkl 
(Elwers & Critchlow, 1961; Lundy 
1962). Furthermore, electrical sti i 
tion of the amygdala in female ' jy 
rabbits, cats, and dogs produces ° onl? 
tion and increased uterine move a" 
(Bunn & Everett, 1957; Koiked! gjor 
Yamada, & Usui, 1953; Shealy & p! 
1957), e major effect on resi 
behavior following amygdaloid 


ne 
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Seems to be disruption of maternal be- 
havior, In cases where an amyegdalec- 
nec monkey has given birth the in- 
ant has a very limited chance of sur- 
vival (Masserman et al., 1958: Walker 
et al., 1953). 
ioe has been little work done on 
ey of amygdaloid stimulation 
a > ual behavior, no doubt because 
ae, Problems of electrode leads be- 
ies entangled. However, LissAk and 
rte zi (1961) have reported sexual 
activity in male and female cats 
ogs during the poststimulation 
Alonso-deFlorida and Delgado 
stimulated cats in a group situa- 
havior oS not report any sexual be- 
in i er than males which crouched 
milen ner analogous to estrous fe- 


Period, 
(1958) 
tion bu 


Attempts to 


© sex drive in 
animals h 


measure the strength of 
amygdaloid hypersexual 
è ei not been made. However 
mals ona a the gonads of these ani- 
of amygd ne that, as in the case 
is not aloid hyperphagia, the drive 
(Schre;.” Strong. It has been reported 
Kling, 1954) that a hy- 
e will attempt to mount a 
female even though he gets 
„and bitten. But these cats 
Stimul; d and unresponsive to noxious 
M 1 at any time. 


ear R 
> Xage, and Arousal 


Emotion: 

Doxioue onality and responsiveness to 
Sia] a Stimuli are the most controver- 
t0 be inke tently studied phenomena 
The esi Pa with amygdaloid function. 
Droh On studies which bear on this 
Cidity he frequently report pla- 
The Simia etimes report savageness. 
repo a ation studies most frequently 
w a Sean rage and only occasion- 
alt, Studies ced aggression. Similarly 
h iA althoy B. hormone changes usu- 
*Pothesig ra not always, support the 

at the amygdala is impor- 


tant in the development of emotions 
related to fear. A further source of evi- 
dence is psychomoto: epilepsy in which 
the seizure activity originates in or near 
the amygdala. The seizures are accom- 
panied by fear states far more fre- 
quently than epileptic seizures origi- 
nating from other areas of the brain. 

In 1938 Klüver and Bucy attracted 
considerable attention by elaborating 
an experiment first performed by Brown 
and Schäfer in 1888. Bilateral removal 
of the temporal lobes in monkeys caused 
inability to recognize objects visually, 
oral exploration of the environment, 
lack of emotion, and continual curiosity 
for objects in the immediate environ- 
ment. The visual changes have since 
been shown to depend on the inferior 
temporal cortex (Mishkin, 1954; Mish- 
kin & Pribram, 1954; Pribram & Bag- 
shaw, 1953). The only exception is that 
amygdaloid lesions appear to affect 
brightness transposition (Schwartzbaum 
& Pribram, 1960). All other effects have 

een reproduced to a lesser degree by 

bilateral removal of the amygdala, al- 
though it should be pointed out that 
the cortex of the orbital gyrus, insula, 
temporal tip, and anterior cingulate, is 
also of considerable importance to these 
functions. 

The lack of emotion, usually de- 
scribed as placidity, involves a loss of 
aggression that is particularly striking 
in wild animals like the lynx and the 
Norway rat, a reduced responsiveness 
to normally noxious stimuli, and a com- 
pletely fearless curiosity for dangerous 
or threatening stimuli including mem- 
bers of other species. This placidity fol- 
lowing bilateral lesions involving the 
amygdala has been reported for the rat, 
cat, lynx, agouti, dog, phalanger, mon- 
key, and human (Adey, 1958; Anand 
& Brobeck, 1951; Anand et al., 1959; 
Anand et al., 1957a; Brady et al., 1954; 
Brown & Schäfer, 1888; Brutkowski, 
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3 g, & Mempel, 1961; Downer, 
‘ose, ier et a 1957; Green et al., 
1957; Horvath, 1963; Kling & Hutt, 
1958; Kling et al., 1960; Klüver, 1958; 
Klüver & Bucy, 1938; Koikegami et al., 
1958; Lissák & Endröczi, 1961; Mar- 
tin et al., 1958; Masserman et al., 1958; 
Morin, Gastaut, Vigouroux, & Roger, 
1952; Orbach et al., 1960; Poirier, 
1952; Pribram & Bagshaw, 1953; Prib- 
ram, Mishkin, Rosvold, & Kaplan, 
1952; Pribram & Weiskrantz, 1957; 
Rosvold et al., 1951; Rosvold, Mirsky, 
& Pribram, 1954; Sawa et al., 1954; 
Schreiner & Kling, 1953a, 1953b, 1954, 
1956; Scoville, Dunsmore, Liberson, 
Henry, & Pepe, 1953; Smith, 1950; 
Summers & Kaelber, 1962; Terzian & 
Ore, 1955; Thompson & Walker, 1950, 
1951; Turner, 1954; Walker et al., 
1953; Weiskrantz, 1953, 1956; Wood, 
1956). 

In some of the above 43 studies the 
placidity was fairly mild or did not last 
for more than a few weeks. The more 
usual finding, however, is that the pla- 
cidity starts immediately after the op- 
eration and is relatively permanent. In 
most of the studies the lesions have in- 
cluded structures other than the amyg- 
dala. However a sufficient number of 
control lesions have been made in these 
other structures to make it almost cer- 
tain that the placidity is primarily due 
to removal of the amygdala. When 
large amounts of the temporal lobe are 
removed along with the amygdala the 
placidity effects are usually more pro- 
nounced. Occasionally some Placidity is 
obtained from removing the inferotem- 
poral, piriform, and entorhinal cortex 
while sparing the amygdala (Adey, 
Merrillees, & Sunderland, 1956; Akert, 
Gruesen, Woolsey, & Meyer, 1961; 
Meyer, 1958). This latter result is not 
surprising as these structures supply 
many of the afferent connections to the 
amygdala. 
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In rats, hyperemotionality that has 
been produced by septal lesions (King 
& Meyer, 1958) or hypothalamic le- 
sions (Anand & Brobeck, 1951) is i 
tenuated by the addition of amygdaloi 
lesions. The addition of amygdaloid le- 
sions in cats will partially relieve hy- 
pothalamic rage (Kling & Hutt, 1958) 
but only occasionally reduces septa 
rage (Kling et al., 1960). However in 
dogs that have been made placid by 
amygdaloid lesions, the addition of ler 
sions of the rostral cingulate cortex nk 
cluding the septum causes them to pe 
come wild. Obviously, although te 
amygdala is important in rage, it is 
not essential. Even the placid anima 5 
may show rage if sufficiently provoke ; 
they merely have a very high threshol : 

In fact there are a number of ee 
showing that bilateral removal of - i 
amygdala in cats leads to rage (par 
& Mountcastle, 1947; Bard & He 
1937; Spiegel, Miller, & Su moe ye 
1940; Wood, 1958). A number of ae 
potheses have been considered in an ië 
tempt to explain the discrepancy i 
tween these studies and the studies d 
porting placidity. However it seems ee 
differences in species, surgical a 
niques, size or location of lesion; m 
volvement of different extra-amy8 a, 
loid structures and pre- or postop® 
tive experience cannot be considere K 
complete explanations. Schreiner %0) 
Kling (1953b) and Kling et al. (1967 
have produced rage in a small num he 
of cats using exactly the same tity 
nique as that which produced plac y 
in the other cats, Furthermore, i J 
were unable to find any histologi H 
differences in these animals that €° 
lated with the behavioral differences yy 
Green et al. (1957) also found th 
following amygdaloid ablation 7% 
cats were placid and others shoop 
rage. This rage was found to devo” 
only if the lesions involved the bP 
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der pas aa „then only if the animals 
Beer 5 te periodic seizures. It has never 
sonable ek but it is not unrea- 
ee ae ae, that in all cases 
due to ee k ae! amygdalectomy it is 
rihery Af ah eg focus on the pe- 
ody € lesion. This could easily 
idee. igated with deep recording 
a eine the only difficulty being in 
mals: S 8 amygdala-lesioned savage ani- 
wae indirect support for this hy- 
amygdal comes from the fact that when 
aka a ony causes rage, the rage 
weeks, t ong time, sometimes many 
» to develop. 
bothesis pro study to which this hy- 
of Wood ol es does not apply is that 
small bilat (1958), Wood found that 
eee electrolytic lesions in the 
laced in = aggressiveness only when 
€ amyd T basal or central nuclei of 
total a a. It is possible that sub- 
erably ale such as these can consid- 
ng a the activity of the remain- 
ae ygdaloid nuclei. 
in ps: study should be mentioned 
have E ext. Rosvold et al. (1954) 
onkeys — that amygdalectomy in 
nance (ie es a drop in social domi- 
ate Kents? placidity) if the animals 
“atively mi group situation postop- 
Slvenesg if an increase in aggres- 


cages. Ho they are kept in individual 
sion Wever, their test of aggres- 
Proache Whether the animals ap- 


ng Stimuli. r withdrew from threaten- 
Placidity » and, as mentioned earlier, 
"Ng thre, involves fearlessly approach- 
Were ore stimuli. The authors 
Stateq an of this, and in a footnote 
à hetter at the term fearless would be 
than description of the behavior 
e Saa aggressive. 
aBBression ya the amygdala in fear and 
rical gti S also been studied using 
hag o lation. The behavioral 
results from gradually in- 
e intensity of amygdaloid 


on 


stimulation is first for the animal to 
cease activity and appear to be attend- 
ing to something. Then the head is 
turned as if the animal is searching for 
something; this is frequently accom- 
panied by sniffing, chewing, swallowing, 
and twitching of the ipsilateral facial 
muscles. At higher intensities salivation 
and piloerection occur, and frequently 
clonic movements of the ipsilateral fore- 
paw. Vocalization or hissing may occur 
at this point and sometimes urination 
and even defecation. The behavior is 
usually interpreted to represent fear or 
defense. 

If the stimulation is continued or in- 
creased in intensity the animal may 
either suddenly take flight, or else go 
into a seizure involving circling, rolling 
over, and clonic movements of all four 
limbs. In other cases the animal may 
suddenly show rage. This rage may or 
may not be well directed. Fear and rage 
have been elicited by amygdaloid stimu- 
lation primarily in cats (Andersen, Jan- 
sen, & Kaada, 1952; Fernandez-de- 
Molina & Hunsperger, 1959, 1962; 
Gastaut, 1952; Gastaut, Naquet, Vi- 
gouroux, & Corriol, 1952; Gastaut et 
al, 1951; Hilton & Zbrozyna, 1963; 
Hunsperger, 1956, 1959; Kaada et al., 
1954: Kaada, Jansen, & Andersen, 
1952: Kaada & Ursin, 1957a; Mac- 
Lean & Delgado, 1953; Magnus & 
Lammers, 1956; Sano, 1958; Shealy & 
Peele, 1957; Ursin & Kaada, 1960a; 
Wood, 1958; Zbrozyna, 1960). 

Similarly in monkeys, amygdaloid 
stimulation can cause fear and rage 
(Anand & Dua, 1956d). This fear has 
been demonstrated to be real in that 
the monkey will perform a response 
that has previously been conditioned to 
the fear of receiving an electric shock 
(Delgado, Rosvold, & Looney, 1956). 
In man, although fear can sometimes 
be produced by amygdaloid stimulation 
(Brazier, Schroeder, Chapman, Geyer, 
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Fager, Poppen, Solomon, & Yakovlev, 
1954; Chapman, Schroeder, Geyer, 
Brazier, Fager, Poppen, Solomon, & 
Yakovlev, 1954; Delgado, 1960; Fein- 
del, 1961; King, 1961), rage is almost 
never encountered. Mullan and Penfield 
(1959), in the course of stimulating 
213 patients in the amygdaloid area, 
encountered fear 23 times but never 
once observed rage. However it should 
be reported that Heath, Monroe, and 
Mickle (1955) elicited rage from one 
schizophrenic woman, and King (1961) 
has elicited statements such as “I want 
to hit something” and “I want to tear 
things.” 

Although rage is not obtained from 
all animals that are stimulated in the 
amygdala, there is only one study in 
which amygdaloid stimulation has been 
shown to actually inhibit aggression. 
Egger and Flynn (1962) found that a 
cat placed with a rat would attack it 
during hypothalamic stimulation, but 
that this attack could be prevented by 
simultaneous amygdaloid stimulation. 

A finding related to the role of the 
amygdala in emotion is that amygda- 
loid stimulation frequently produces 
facial movements which are not medi- 
ated by the motor cortex (Andy & 
Mukawa, 1960; Baldwin, Frost, & 
Wood, 1956). It seems that the likeli- 
hood of producing these grimaces in- 
creases as one goes up the phylogenetic 
scale paralleling the increase in re- 
flexive facial movements that normally 
accompany emotions. 

As would be expected from the re- 
sults on fear and aggressive behavior, 
the amygdala is important for control 
of various autonomic responses. Bilat- 
eral removal of the amygdala in cats 
and monkeys has been shown to affect 
respiration, heart rate, blood pressure, 
and blood-sugar level (Anand et al., 
1959; Anand, Dua, & Chhina, 1957b; 

Kling et al., 1960). The direction of 
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change is rather variable but the most 
frequent response is for respiration and 
heart rate to decrease and blood pres- 
sure and blood glucose to increase. 

The effects of amygdaloid stimula- 
tion on autonomic responses have been 
more widely studied. Pupil dilation and 
piloerection have already been men- 
tioned. Respiration, heart rate, and 
blood pressure have been studied in 
the rat, rabbit, cat, dog, monkey, and 
human (Anand & Dua, 1956b; Andy, 
Bonn, Chinn, & Allen, 1959; Baldwin, 
Frost, & Wood, 1954; Chapman et al., 
1954; Gastaut, 1952; Hilton & Zbro- 
zyna, 1963; Kaada, 1951; Koikegami 
et al., 1957; Koikegami, Kimoto, & 
Kido, 1953; MacLean & Delgado, 
1953; Naquet, 1953, 1954; Turner, 
1954; Ursin & Kaada, 1960a; Wood, 
Schottelius, Frost, & Baldwin, 1958). 
Here again, the exact nature of the 
response varies considerably. There is 
usually an inhibition of respiration 
which is followed by either an increase 
or decrease in rate, and either an 
increase or decrease in amplitude. Simi- 
larly the changes in heart rate and 
blood pressure may involve either an 
increase or a decrease. Anand and Dua 
(1956a) found that amygdaloid stimu- 
lation in cats and monkeys caused an 
increase in blood-sugar levels. 

If the amygdala is important in 
controlling fear and aggression it is to 
be expected that it not only enters into 
the regulation of the autonomic neryous 
system but also acts on the endocrine 
system, particularly the endocrine te- 
sponses to stress. Generally sp 
this has been shown to be true, 

The endocrine system appe: 
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the parotid, thyroid, pituitary adrenal, 
and pancreatic glands. If amygdaloid 
lesions are placed in adult animals (rat, 
rabbit, cat, and monkey), the endocrine 
effects are less severe. Apart from 
testicular degeneration the only gland 
which is much affected is the adrenal 
gland. The actual weight of the, adrenal 
gland does not change very much ex- 
cept for a small increase during the 
first week or two postoperatively (Greer 
$ Yamada, 1959; Kling et al., 1960; 
i & Greer, 1960). However 
artin et al. (1958) found that 
amygdalectomy in cats and dogs dra- 
matically increased the level of adrenal 
corticoids in the blood, and sometimes 
a new type of corticoid was produced. 
Other authors have concerned them- 
selves with the adrenal response to 
stress in amygdalectomized animals. 
Knigge (1961) found that amygdalec- 
tomy in rats caused a delay in the 
corticosterone response to immobiliza- 
tion. Mason, Nauta, Brady, and Robin- 
son (1959) found that the 17-hydroxy- 
corticosteroid response to avoidance 
training was abolished by total amyg- 
daloid removals. This type of result 
would be expected from the ensuing 
placidity, However Anand et al. 
(1957b) report the eosinophil response 
to subcutaneous injection of saline is 
not affected by lesions including the 
amygdala, and Bovard and Gloor 
(1961) found that small lesions in the 
central nucleus of the amygdala in- 
creased the corticosterone response to 
age a in rats. This is the 
i where Wood (1958) found 
ae Smail lesions increased aggressive- 
ee i perhaps this latter finding is not 
stu dice.” contradiction of the other 
nae stimulation of the amygdala 
the i ag to cause an increase 1n 
eostétiods ction of 17-hydroxy-corti- 
. Mason (1958, 1959) has 


shown this in monkeys, and Mandell, 
Chapman, Rand, and Walter (1963) 
obtained similar results in humans 
using an intensity which was too low 
to produce any detectable behavioral 
or subjective changes. 

The other major endocrine effect is 
for the stimulation to cause an increase 
in gastric secretions (Anand & Dua, 
1956c; Sen & Anand, 1957; Shealy & 
Peele, 1957). Gastric and intestinal 
movements may be either increased or 
decreased (Eliasson, 1952; Gastaut, 
1952; Koikegami, Kimoto, & Kido, 
1953; Koikegami, Kushiro, & Kimoto, 
1953; Shealy & Peele, 1957). Repeated 
amygdaloid stimulation has been shown 
to cause gastric bleeding and ulceration 
of the gastroduodenal junction (Sen & 
Anand, 1957). Bleeding has also been 
observed in the lungs (Koikegami & 
Fuse, 1952a, 1952b). Such changes are 
suggestively similar to the psychoso- 
matic diseases that are supposed to 
result from psychological stress. 

The amygdala, therefore, plays an 
important role in fear and anger, and 
is in a position to regulate the auto- 
nomic and endocrine components of this 
behavior. Further support of this state- 
ment comes from the reports of emo- 
tions associated with epilepsy. These 
studies have recently been reviewed 
by Gloor and Feindel (1963). There 
appears to be fairly general agreement 
among the various authors that about 
40% of epileptic patients have emo- 
tions such as fear, anxiety, Or depres- 
sion as part of the ictal syndrome. Most 
of these patients have a focus in the 
vicinity of the amygdala. Ictal ag- 
gression is quite rare, but when it does 
occur the patient is again found to 
have a focus in the amygdaloid region. 

Groethuysen obtained surface and 
depth recordings of an epileptic attack 
that had been triggered in an epileptic 
female by a structured traumatic inter- 
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view. The seizure activity was first 
picked up on the electrode near the 
left amygdala. This activity slowly 
spread to all other electrodes, until 
after 11 minutes the patient had a gen- 
eralized convulsion (Groethuysen, Rob- 
inson, Haylett, Estes, & Johnson, 1957). 


Approach and Avoidance Learning 


If the amygdala is primarily involved 
in the regulation of fear, then it is to be 
expected that interference with the 
amygdala will disrupt avoidance learn- 
ing more than approach learning. 
Roughly speaking, this has been found 
to be the case as long as the hippo- 
campus remains intact. 

Amygdalectomized dogs are able to 
learn an olfactory discrimination, leg 
flexion, and an approach response for 
food within normal limits (Allen, 1941; 
Brutkowski, Fonberg, & Mempel, 1960). 
If the hippocampus is also removed 
they have trouble relearning a visual 
discrimination in a T maze (Fuller 
et al., 1957), 

Amygdalectomized monkeys are quite 
normal in acquiring a delayed response 
and various discrimination problems 
(Mahut & Cordeau, 1963; Orbach 
et al., 1960; Schwartzbaum & Pribram, 
1960). If the hippocampus is also re- 
moved they have difficulty (Orbach 
et al., 1960). 

The only outstanding contradiction 
of these results comes from Masserman 
et al. (1958) who report that amyg- 
daloid lesions in cats and monkeys 
cause a decrease in attention to task 
and food motivation with a concomitant 
drop in their ability to learn new 
problems. , 

There is one thing, however, in the 
approach situation that amygdalectomy 
does disrupt. This is the withholding 
of a learned response. For example, if a 
differential conditioned stimulus is pre- 
sented signaling that the animal should 


not respond, amygdalectomized dogs 
learn very slowly (Allen, 1941; Brut- 
kowski et al., 1960). Similarly, Mahut 
and Cordeau (1963) have shown that 
amygdalectomized monkeys show con- 
siderable perseveration in delayed re- 
versal and spatial reversal problems. 
This type of deficit might account for 
the findings of Endröczi and Lissák 
(1962) who showed that amygdaloid 
stimulation does not prevent a con- 
ditioned approach response but causes 
an increase in the number of inter- 
trial responses. 

Almost all the studies on avoidance 
learning have demonstrated a deficit 
of some type. Robinson (1963) has 
shown that amygdaloid lesions retard 
the rate of acquisition of a conditioned 
avoidance response. King (1958), using 
a shuttle box, found that rats with 
small amygdaloid lesions had a longer 
latency of response, but were not other- 
wise impaired. 

Kling et al. (1960) report that al- 
though amygdaloid lesions in cats do 
not increase the total number of trials 
required to reach criterion in a shuttle 
box, significantly more trials are re- 
quired before the animals start to make 
avoidances. They interpret this to mean 
that the cats had difficulty in learning 
the significance of the conditioned 
stimulus but not in learning to perform 
the conditioned response. Brady et al. 
(1954) have found that amygdalecto- 
mized cats were retarded in the acquisi- 
tion of a conditioned avoidance but 
retained a preoperatively trained avoid- 
ance. Horvath (1963), also using cats 
found that amygdaloid lesions die 
rupted both the acquisition and re 
tion of a simple avoidance, and 
tarded to a lesser degree the acquisit 
of a simple avoidance and a passive 
avoidance. Using dogs, Fonberg, Brut- 
kowski, and Mempel (1962) foung that 
amygdalectomy disrupts retention of a 
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recently acquired defense response but 
not a highly overtrained leg-flexion 
avoidance. 

In a series of experiments on mon- 
keys, Weiskrantz (1956; Pribram & 
Weiskrantz, 1957; Weiskrantz & Wil- 
son, 1955, 1958) has found that 
amygdalectomized monkeys are quick 
to extinguish a preoperatively acquired 
avoidance response in both shuttle box 
and panel pushing. These lesions also 
retarded the acquisition of both types 
of avoidance and a conditioned emo- 
tional response. Once having learned to 
— an avoidance response the ani- 
o S required a stronger level of shock 

e them perform. 

a seem then that bilateral re- 
and of the amygdala in rats, cats, 

monkeys will disrupt some aspect 
of acquiring a simple avoidance, a 
shuttle-box avoidance, a passive avoid- 
ance, and a conditioned emotional 
response, Retention of a preoperatively 
acquired response may or may not be 
disturbed. 

Goddard (1963) has found similar 
results using a continuous low-intensity 
stimulation of the amygdala in rats. 
This stimulation, which probably causes 
a functional lesion, interferes with 
avoidance conditioning and acquisition 
of a conditioned emotional response 
but does not affect approach learning. 
The critical time for this stimulation 
to be effective is just after the uncon- 
used stimulus suggesting that the 
aan a is important in the consolida- 
Gal pe: association between a neu- 

my, er „and a noxious event. 
ó i Spm stimulation does not seem 
ormance bi ga large effect on the per- 
avoidance of a previously established 

1963) E nog although Fonberg 
tertrial tes shown that it decreases in- 
Delgado fate and Fonberg and 
quite inten have shown that 

stimulation interfered with 


a wheel-turning avoidance in one out of 
four cats tested. 

Three other studies should be men- 
tioned in this context, although their 
implications are not clear due to the 
possible involvement of extra-amyg- 
daloid structures. Bickford and his as- 
sociates have shown that electrical 
stimulation of white matter 1 centi- 
meter from the amygdala and hippo- 
campus in man may cause a transient 
amnesia for events preceding the stimu- 
lation (Bickford, Mulder, Dodge, Svien, 
& Rome, 1956). Morrell, Roberts, and 
Jasper (1956) have shown that con- 
ditioned alpha blocking in monkeys is 
disrupted in all sensory modalities by 
implanting alumina cream in the amyg- 
dala. The alumina cream causes an 
epileptic focus which no doubt disrupts 
amygdaloid function, but probably also 
disturbs many other subcortical struc- 
tures. Stamm and Knight (1963) simi- 
larly found that alumina cream placed 
on the medial temporal cortex near the 
amygdala prevents the formation of 
learning sets in a visual discrimination 
problem. 

A somewhat related line of research 
has been conducted by Lesse (1957a, 
1957b, 1960) using cats. He has re- 
corded bursts of high amplitude 40- 
cycle-per-second activity in the amyg- 
dala in various behavioral situations. 
This activity is not seen in response to 
a neutral environment nor to stimuli 
that produce only waking, alerting, and 
cortical desynchronization. It is seen, 
however, during attack, defense, noX- 
ious stimulation, and if food is pre- 
sented outside the cage of the hungry 
animal. Furthermore, if the cat 1S 
trained in a shuttle box the 40-cycle- 
per-second activity at first appears only 
in response to the shock, but later, a5 
the animal starts to make avoidance 
responses, it appears also in response 
to the conditioned stimulus. If the cat 
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is then extinguished the 40-cycle-per- 
second activity stops occurring in re- 
sponse to the conditioned stimulus 
shortly after the animal stops making 
the conditioned response. 

John and Killam (1959, 1960) also 
report 40-cycle-per-second activity in 
the amygdala during avoidance re- 
sponding and shortly after the introduc- 
tion of a differential stimulus during 
bar pressing for food. This activity 
ceases when the avoidance response is 
blocked by reserpine. 

However, these studies have not con- 
trolled for respiratory changes. Domino 
and Ueki (1960) and Ueki and Domino 
(1961) have shown that similar bursts 
in monkeys and dogs correlate with the 
passage of air or other gases through 
the nose. Pain increases the breathing 
and increased breathing increases this 
40-cycle-per-second activity. This is 
merely a correlation however. MacLean, 
Horwitz, and Robinson (1952) have 
shown that the burst activity can oc- 
cur in response to pain after the in- 
sertion of a tracheal cannula which pre- 
vented olfactory input, and Gault and 
Leaton (1963) have shown the olfac- 
tory stimuli that cause burst activity 
in the olfactory bulb do not always 
cause activity in the amygdala. It 
would be very interesting to know if 
40-cycles-per-second can be recorded 
from the amygdala of a frightened or 
angry animal that has been made 
anosiic. 


Reward and Punishment 


Although the amygdala has been 
shown to be important in avoidance 
learning, and amygdaloid stimulation in 
man causes fear and aggression much 
more often than pleasurable emotions, 
it is rather surprising that amygdaloid 
stimulation can often serve as the re- 
inforcement for an instrumental re- 
sponse. Olds and Milner (1954) first 
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reported that rats would press a bar 
to receive amygdaloid stimulation. 

It has also been shown that monkeys 
will work to receive amygdaloid stim- 
ulation (Porter, Conrad, & Brady, 
1959; Sheer, 1961). However, some 
electrodes in the amygdala may be 
positively reinforcing, while others are 
negatively reinforcing (Bursten & Del- 
gado, 1958; Doty, 1961) and it has 
been shown that in humans the same 
electrode may be positive or negative 
depending on current intensity (Bishop, 
Elder, & Heath, 1963). 

Wurtz and Olds (1961; Wurtz, 1962) 
tested each of 37 rats with amygdaloid 
electrodes in two situations. In one, if 
the rat pressed the bar, the stimulation 
current came on for .5 second. In the 
other the stimulation came on automat- 
ically every 1 second unless the bar 
was pressed, in which case the stimula- 
tion did not come on for 4 seconds. A 
response rate greater than one press 
every 4 seconds ensured that the stimu- 
lation remained off. Thirteen rats 
actively sought the stimulation, 5 rats 
avoided it, and 17 rats did both, despite 
the fact that the stimulation parameters 
remained the same. Only 2 rats did not 
press either bar. Obviously the amyg- 
dala must be classified as a reward area 
and also as a punishment area, but 
ambivalence seems to describe the 
most common effect. 


Awareness and Interpretive Function 


The discussion so far has revolved 
around motivational and emotional be- 
havior; indeed these seem to be the 
most common findings in studies on 
amygdaloid function. However, investi- 
gation of epileptic discharge and amyg- 
daloid stimulation in man has et 
changes in awareness and interpretation 
of the environment. This has also re- 


ceived some support from animal 
studies. 
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Amygdaloid stimulation in cats at 
fairly low intensities causes the animals 
to appear “attentive.” It has been re- 
ported that during this state the cat is 
less responsive to novel and other 
peripheral stimuli, that is, has reduced 
vigilance (Gastaut, Naquet, Vigouroux, 
& Corriol, 1952; Gastaut, Vigouroux, & 
Naquet, 1952; Naquet, 1953, 1954). 
This was not confirmed by Ursin and 
Kaada (1960a), but Kaada et al. 
(1954) describe the cats as bewildered. 

Epileptic discharge from the amyg- 
daloid region in man frequently causes 
conscious confusion, sensory illusions, 
and feelings of unreality. This may 
lead to unresponsiveness to environ- 
mental stimuli and an arrest of memory 
recording (Feindel, 1961; Feindel & 
Penfield, 1954; Morris, 1956). These 
changes can also be produced in man by 
electrical stimulation of the amygdala 
(Feindel, 1961; Jasper & Rasmussen, 
1956; Mullan & Penfield, 1959; Pen- 
field, 1955). After bilateral amygdalec- 
tomy in schizophrenics, Sawa et al. 
(1954) report confusion and inability 
to recognize people for the first month 
or two postoperatively. 


Topographic Localization 


Gloor (1960) has prepared a table 
comparing the results of all the major 
localization studies that used amyg- 
daloid stimulation. Since then, the only 
large-scale attempts have been made by 
Ursin and Kaada (1960a) and Fernan- 
dez-deMolina and Hunsperger (1957, 
1359, 1962). The only simple state- 
tds that can be made is that there is 
dig “ee from study to study 
aan _Which nuclei yield the various 

Vioral changes when stimulated. 
aaay stimulation study reporting 
= a ic localization that has not 
(1962) ore is that of Wurtz 
ferentiatio though the anatomical dif- 

n was very approximate, with 
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a great deal of overlap, it seems that 
the centromedial group is more posi- 
tively rewarding, and the basolateral 
group is more punishing in rat self- 
stimulation studies. 

Another approach to the localization 
of function within the amygdala is to 
place small bilateral lesions in discrete 
amygdaloid nuclei. Owing to the diffi- 
culty in surgical accuracy it would 
probably be better to make a large 
ablation on one side and a small dis- 
crete lesion on the opposite side. How- 
ever this has not yet been tried and 
the information available is all based 
on a few animals where small lesions 
have been bilaterally matched, and on 
larger asymmetrical lesions which have 
small areas in common, 

Wood (1958) found that, in cats, 
lesions of the basal and central nuclei 
led to aggression, of the lateral nucleus 
to hypersexuality, and of the central 
and medial nuclei to hyperphagia. 
Precocious sexual development in young 
female rats has been attributed to 
medial and basal lesions by Elwers and 
Critchlow (1960). Stunted growth in 
young rats, dogs, and goats follows 
lesions primarily in the medial and 
anterior amygdala (Koikegami et al., 
1958). Bovard and Gloor (1961) found 
that the largest effect on the corti- 
costerone response to stress is obtained 
from the central nucleus. 

It is impossible to say at present 
whether the lack of contradiction be- 
tween authors using lesions is due to 
the limited number of studies or to 
a reliable topographic organization of 
function. The conflicting results from 
the various stimulation studies, how- 
ever, suggest that we should be very 
cautious about accepting any function 
localization before the results have been 
replicated. This is not to deny that any 
localization exists within the amygdala. 
Any such statement would be totally 
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unjustified. However, more refined tech- 
niques and better analyses of behavior 
may have to be developed before such 
localization is discovered. 


Discussion 


Anatomically the amygdala is part of 
the limbic system, and it is placed in 
a position where it can receive input 
from all sense modalities and from in- 
terpretive cortex. On its efferent side lie 
basic subcortical structures such as the 
hypothalamus and central grey which 
are important for emotional-motiva- 
tional responses. It is not surprising, 
therefore, that the amygdala is very 
important in the regulation of such 
things as fear, but is not itself essential 
for their elaboration. Such considera- 
tions have led Gloor and Feindel 
(1963) to suggest that the amygdala is 
involved in correlating past experience 
and present sensation with the ap- 
propriate motivational responses. 

A more specific hypothesis than this 
seems possible. It is suggested here that 
the amygdala is primarily involved in 
the active suppression of motivated ap- 
proach behavior. Once an amygdalec- 
tomized animal has overcome the initial 
postoperative depression and lethargy, 
it overeats, responds sexually to all 
stimuli even remotely resembling a 
receptive female, approaches all stimuli 
whether dangerous or not with curios- 
ity, and is unresponsive to variations 
in deprivation and food reward. In 
other words, it does not know when to 
stop. Other areas of the brain such as 
the hippocampus and lateral frontal 
cortex have been implicated in the in- 
hibition of responses and adaptation 
to novel stimuli. The amygdala is in- 
volved in this system, but perhaps on 
a more basic level, that is, the inhibi- 
tion of motivations and the satiation 
of drives. This may well be based on 
connections to the avoidance system. 
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Amygdalectomized animals have dif- 
ficulty in associating fear and avoid- 
ance behavior with previously neutral 
stimuli. They also require more highly 
painful stimuli before they will mani- 
fest defense or aggression. When artifi- 
cial activation of the amygdala is suffi- 
ciently intense to force a behavioral 
response this response is frequently 
fear, involving many of the autonomic 
and endocrine concomitants of pain and 
stress, 

The positively reinforcing properties 
of amygdaloid stimulation are difficult 
to interpret, but it is probably sig- 
nificant that many of these points are 
also negatively reinforcing, and Wurtz 
(1962) has shown that even the purely 
Positive points project primarily to 
areas of the brain which are negatively 
reinforcing. Furthermore, Porter et al. 
(1959) have shown that the activity 
propagated from the amygdala reward 
points is qualitatively different from 
that propagated from other reward 
areas, 

The amygdala seems to be essential 
for the establishment of avoidance and 
the modification of approach behavior, 
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3 current theories of slant 


perception are described. It is shown that 


the Gestaltist and Helmholtzian theories of slant perception depend on 
the shape-slant invariant and concomitantly on the familiarity of the 
presented shapes composing the surface (Helmholtzian) or on the 
goodness of the presented shapes (Gestaltist). In contrast the Gibsonian 
theory of slant perception depends on complex angular relations (optical 
texture gradients) in the optical texture (array of Patterned light to 
the eye) without regard to the familiarity or goodness of the textural 


shapes composing the distal surface. 


Before Gibson in the late 1940s 
started to emphasize the importance of 
the slant of a ground plane to the en- 
tire problem of space perception, the 
slant of a surface was a topic hardly re- 
ferred to in the psychological literature. 
Indeed, to this day there is not to my 
knowledge a single review of the topic 
in the literature, 

Whereas Gibson’s theory of space 
perception has much to say about slant 
perception, two older theories of space 
perception, those of the Gestaltists and 
the Helmholtzians, have had little to 
say on the subject. Nevertheless, while 
both of the older theories have tended 
to ignore the problem of slant percep- 
tion, they have been sufficiently ex- 
plicit on the subject to make it known 
that their theories did comprehend the 
topic. In fact, the two theories im- 
plicitly assert that the topic of slant 
perception raises no special problems, 

It is the purpose of this Paper not so 
much to review the literature on slant 
perception, which is scanty, but to 
make explicit what the three major 
theories of space perception have to say 
on the subject of slant perception. At 
the same time I will specify, if not al- 
ways discuss, theoretical and empirical 
problems indigenous to the specific 


theories. 
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GESTALT THEORY OF SLANT 
PERCEPTION 


In 1935 Koffka, following on the ear- 
lier work of Thouless (1931a, 1931b 
1932), Eissler (1933), and Klimpfinger 
(1933), related the problem of explain- 
ing slant Perception to the Perception 
of shape. This relationship came to be 


‘pee as Koffka’s shape-slant invari- 
ant. 


(1935), no intelligible theory of percep- 
tion is possible (p. 230). 

, Koffka (1935) based the law of the 
invariant on two axioms, In the first 


unequal retinal shapes cannot p 
entirely equal perceptual 


; despite 
liminal, 
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retinal lengths, the subject sees a 
square, then, according to Koffka, he 
must also see the ñgure as slanted back 
into depth (or see the sides at different 
depths, an alternative which I ignore 
in the discussion below). 

In the converse of this rule (Axiom 
II) Koffka (1935) stated that if two 
equal retinal shapes give rise to two 
different perceived shapes, they at the 
same time produce the impression that 
these two shapes are differently ori- 
ented (p. 229). Consider, for instance, 
a rectangle whose height to width is 
truly in the proportion of 2:1. Slant 
this rectangle back into depth so that 
the projected (retinal) height to width 
is 1:1. If these two equal retinal ex- 
tents are seen to be of different lengths 
(for instance, seen to be in the true 
ratio of 2:1), then according to Axiom 
I the height of the figure must be seen 
as slanted back into depth. 

Koffka’s two axioms do not say, for 
some apparent shape and a fixed retinal 
shape, just what apparent slant should 
occur. Nevertheless, Koffka tacitly ac- 
knowledged the form of the systematic 
relationship between phenomenal shape 
and slant in his discussion of Eissler’s 
(1933) and Klimpfinger’s (1933) data. 
Like Stavrianos (1945) and Beck and 
Gibson later (1955), Eissler and Klimp- 


finger sought to determine whether the 
accuracies of shape and slant judgments 
covary, given a fixed retinal shape. 
Koffka, in evaluating their data, ac- 
cepted this requirement of covariation 
and implied that the covariant relation 
has the form, XY = K, where X is ap- 
parent shape, Y is apparent slant, and 
K is the retinal projection of the shape- 
at-a-slant. Some implications of this re- 
lationship are developed below. 
Consider a simple wire form, the fig- 
ure, L, which is constituted of a hori- 
zontal shaft 1 unit long, a vertical shaft 
2 units high, and an included angle of 
90 degrees. If one defines the shape of 
an object as constant internal relations 
of position and proportionate distance 
(Oxford English Dictionary, 1914, p. 
90), then the shape of the wire figure 
described above is given in part by the 
ratio of its height to its width (H/W). 
In Figure 1 the L form is shown with 
an angle of slant, @, so that its height 
(H) projects a frontal extent (t) of 1 
unit, the same projected length as that 
for the nonslanted horizontal dimension 
(W). The angular sizes of H and W 
are given by angles a and 8, respec- 
tively, and the corresponding retinal 
images by h and w. Finally, D specifies 
the physical distance between the eye 
and the form; and d specifies the dis- 


_ Fic. 1, 


a 


depth 


> and oT 3 
and is t Which is at a distance, D; d = distance between no 


he f 
Tontal projection of H.) 


+ Geometric basis for a shape-slant invariant. 
(H) =2 B, and to the retina of the retinal extents, h and 


x Width (W) =1, included angle = 90 degrees, that is slanted by the an 


(Projection to a point of the angular 
w, of an L form with height 
gle, 6, into 


dal point and retina; t= l 
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tance between the eye’s nodal point and 
the retina. These constructions and some 
further included angles are given in 
Figure 1. 

The mathematical form, XY = K, of 
Koffka’s shape-slant invariant may now 
be developed as follows: By the law of 
sines, H/sin (90+ a) =t/sin (90 — 
a—0); cross multiply, simplify, and 
solve for t; then t = H [cos ð (1 — tan 
a tan 0) ]. Since in Figure 1, h/d = t/D 
and w/d = W/D, then, substituting for 
D, t=W (b/w). Substituting in the 
equation above for t and dividing 
through by W gives: 


(H/W) [cos @ (1 — tan a 
tan 0)] =h/w [1] 


Equation 1 is in the form XY= K, 
where X is H/W, the apparent shape; 
Y is the expression, cos 0 (1 — tan @ 
tan 0), the apparent slant; and K is 
h/w, the retinal shape. This equation 
provides a solution for apparent slant 
when values are given to the terms cor- 
responding to the retinal shape and to 
the apparent shape. Moreover, the ex- 
pression, tan œ tan 6, approaches zero 
as the distance between the eye and the 
object increases. When D is 10 times 
longer than the size of the slanted di- 
mension of the object, for example, dis- 
regarding the expression, tan « tan 0, 
introduces an error of approximately no 
more than 5% in the solution of 8. 

That Equation 1 embodies Koffka’s 
idea of the shape-slant invariant may 
be demonstrated by substituting Ge- 
staltist terms for the terms of the equa- 
tion. The term, H/W, would be re- 
placed by the phrase, autochthonously 
generated phenomenal shape; the term, 
cos @ (1— tan « tan 0), by autoch- 
thonously generated phenomenal slant; 
and h/w by retinal process. Call this 
form of Equation 1, Equation 1a. 

Equation la makes possible a direct 
empirical test of the truth of Koffka’s 


hypothesis that the accuracies of phe- 
nomenal shape and slant judgments 
covary. For a given retinal process, so 
that the projected retinal height to 
width is 1.0, as above, if a physical 
shape of 2:1 is inaccurately reported 
as being 1.7:1, for example, then re- 
ported slant should correspondingly be 
in error. 

Empirical tests of the shape-slant hy- 
pothesis (and its consequences) have 
yielded wide discrepancies between the 
accuracy of shape and slant judgments 
and even those friendly to the hypothe- 
sis have failed to demonstrate the re- 
sults predicted by Koffka. (See Beck & 
Gibson, 1955; Eissler, 1933; Flock, 
1964c; Klimpfinger, 1933; Langdon, 
1953, 1955; Moore, 1938; Stavrianos, 
1945. For an excellent review of this 
literature, see Epstein & Park, 1963.) 

The relations described in Equation 
la raise a more crucial question for Ge- 
stalt theory. When a shape whose true 
proportions are 2:1 is slanted back so 
as to project a retinal ratio of 1:1, the 
retinal result is described by Gestalists 
as being symmetrical, regular, and dy- 
namically stable. And yet if the per- 
ceiver is to see the physical shape cor- 
rectly, the symmetrical retinal ratio 
must be transformed into a cortical 
ratio of 2:1. Since all perceptual theo- 
rists must finally account for the fact 
that perceptions generally are more or 
less veridical, Gestalt theory should 
give an account of how a good retinal 
process of 1:1 is transformed into a 
less good cortical process of 2:1. If a 
mechanism to account for such trans- 
formations of shapes does exist in Ge- 


stalt theory, then for a given retinal 


image and followin: upo 
i a g upon a correct 


ent, a correct slant judg- 
ment would necessarily follow from Te 
solution of Equation 1a, 


The only mechanism in Gestalt the- 
ory to account for shape Perceptions is 


4 


THREE VIEWS OF SLANT PERCEPTION 113 


that of the principle of Pragnanz. But 
it is not clear how that principle can 
be employed to explain a transforma- 
tion from a stable retinal shape, for ex- 
ample, a shape with 1:1 proportions, to 
a less stable cortical shape, for example, 
a shape with 2:1 proportions. 

There is, in addition, a difficulty be- 
tween the hypothesized action of the 
principle of Praégnanz and the two 
axioms on which Koffka based the prin- 
ciple of a shape-slant invariant, as is 
explained below. 


Prägnanz and Koffka’s Axioms 


When the Gestalist demonstrated the 
operation of the law of Prégnanz, he 
observed, for example, that certain su- 
praliminal retinal proportions are corti- 
cally and therefore phenomenally trans- 
formed into some other set of propor- 
tions. But Axioms I and IT require that 
concurrent with these changes some 
other effect must occur, for example, a 
perceptual change in the slant of an 
object or some part of an object. When 
an irregular shape is presented fron- 
tally, therefore, if some dimension is 
Phenomenally more regularized than 
some other dimension (law of Prég- 
nanz), then there must also be a phe- 
nomenal report of the irregular shape 
lying at a slant (Axioms I and IT). 
Since the Gestalists were known to be 
careful phenomenological observers and 
yet failed to report such slant phe- 
mie one must conclude that the 
= ant phenomena do not accompany the 
egularization process as is predicted 
a n I and T. There is then an 
pôt ais contradiction between the hy- 
rügn zed action of the principle of 
anz and the axioms that underlie 
iea of an invariant. This 
the truth ot would seem to invalidate 
II or the i ue of either Axioms I and 
A: aw of Prägnanz. Further, if 


xiom: 
S I and TI are false, then the 


theoretical basis for the necessity of the 
shape-slant invariant disappears. 
Koffka (1935) himself rejected the 
principle of regularization (one aspect 
of the changes observed from the ap- 
plication of the law of Pragnanz) as 
inapplicable to the problem of how a 
good retinal shape corresponding to 
some slanted figure can be transformed 
into a less good phenomenal shape (pp. 
230-231). Nevertheless, this willing- 
ness to reject the application of Präg- 
nanz to this problem does not erase the 
intrinsic contradictions in the theory. 


Mechanisms for Generating Phenomenal 
Slant in Gestalt Theory 


In the absence of a mechanism for 
generating correct phenomenal shapes, 
is there a mechanism in Gestalt theory 
that can account for correct phenome- 
nal slants and, following upon Equa- 
tion la, correct phenomenal shapes? 
Koffka proposed that certain features 
of the retinal distribution give rise to 
certain cortical processes which are 
characterized phenomenally as the ma- 
jor verticals and horizontals (frame- 
work) of the spatial perception. Frontal 
parallel planes are assumed to consti- 
tute some part of that framework. 

Koffka said that a plane surface not 
in the frontal parallel plane of the 
framework sets up stresses in the brain 
field. But this assertion failed to say 
what there is about a physical plane at 
a slant that would generate stresses in 
the brain field. Koffka (1935) went on 
to add that the retinal shape projected 
by the figure in the slanted plane pro- 
duces new forces that combine with the 
forces (stresses) of orientation (p. 231). 

Koffka introduced two sets of new 
forces: the stresses of the nonnormally 
oriented plane and the new forces set 
up by the figure in the slanted plane. 
He did not say what there is in the 
proximal stimulus, produced by a shape 
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in a slanted plane, that would arouse 
new forces and stresses, and thereby 
appropriate perceptions. Insofar as I 
can follow the development of the Ge- 
staltist’s position, a slanted figure and/ 
or a slanted plane project only some 
kind of retinal shape. That retinal 
shape occurs in relation with other 
retinal shapes. Some of these retinal 
shapes arouse neural processes that are 
isomorphic with the phenomenal re- 
ports of a spatial framework (verticals 
and horizontals). But this does not ex- 
plain why other retinal shapes are seen 
as phenomenal figures at a slant. It is 
not clear, therefore, that these hypothe- 
ses about new forces give a satisfactory 
account of why slanted surfaces are 
seen as slanted. 

Koffka maintained that the frontal 
position of a plane is a dynamically 
stable position. In assuming this he 
may have introduced further contra- 
dictions. Consider a perfectly regular 
checkerboard grid that is presented 
frontally. The projections of the squares 
to the retina take the form of a family 
of dynamically unstable angular trape- 
zoids, not a family of dynamically 
stable angular squares as is implied by 
the Gestaltists. As in the case of the 
same surface when slanted, one should 
expect the retinal trapezoids to be 
cortically transformed into phenome- 
nal squares and at the same time to 
yield the phenomenon of a slanted sur- 
face (principle of Prägnanz and Axioms 
I and II). It would seem that the nor- 
mal state of a plane should be that sim- 
ple state in which all of the good fig- 
ures composing the surface project 
retinal images that are simple and 
stable. If checkerboard squares are dis- 
tributed over a spherical surface with 
the eye at the center of the sphere, only 
then are the retinal shapes simple and 
stable angular squares. 

This search of Gestalt theory for some 


mechanism that would predict the de- 


gree of accuracy of either apparent 
shape or apparent slant when a shape 
is at a slant has yielded little of sub- 
stance. Koffka’s explanatory concepts 
like stresses (corresponding to slanted 
planes) and new forces (corresponding 
to figures in slanted planes) were shown 
to have no specifiable physical corre- 
lates in the stimulus. Equally untenable 
was the basis for the shape-slant invari- 
ant on which the whole apparatus of 
explanation depended. It was shown 
that the idea of the invariant and its 
pair of axioms impose the necessity of 
demonstrating slant phenomena with 
occasions of the operation of Prägnanz. 
Since the Gestaltists have empirically 
failed to observe such slant phenomena 
accompanying instances of the action 
of Prägnanz, their own failures refute 
the principle of the shape-slant invari- 
ant. Moreover, empirical tests of the 
shape-slant invariant have failed to pro- 
vide evidence for its necessity. 
Disregarding many of these difficul- 
ties, one might insist that the Gestalt- 
ists do have a mechanism in the law of 
Prägnanz to hypothesize perceptions of 
shape. It might be argued that when 
objective shapes are regular and simple, 
regardless of their slant, perceptions of 
shape are more accurate than when ob- 
jective shapes are irregular. Then, en- 
tering the degree of accuracy of the 
shape judgments into Equation la for 
the shape-slant invariant, one could 
predict the relative accuracy of the 
slant judgments. While this argument 
ignores difficulties, it at least satisfies 
the Gestaltist’s need for a theory of 
slant perception and it allows for em- 


pirical predictions indigenous to that 
theory. 


PERCEPTION OF SURFACE SLANT 

IN HELMHOLTZIAN THEORY 
One of the mos 
solutions to the y 
explaining space pe 


t „Vigorous modern 
arious problems of 
rception dates back 
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to Helmholtz? Physiological Optics in 
1866. Helmholtz, like most of his fol- 
lowers, gave no specific account of the 
perception of slant. In fact, the entire 
problem of explaining space perception 
was made subordinate to questions 
about the perception of distance and 
size. Nevertheless, Helmholtz’ account 
of the perception of distance and size 
was sufficiently explicit to construct 
what he presumably might have ad- 
vanced as his theory of slant percep- 
tion. The basis for such a construction 
lies in his theory of distance perception 
and in his concept of previous ac- 
quaintance. 

Helmholtz as well as his followers 
wrote as if a theory of space perception 
must start with an account of how judg- 
ments of distance and size are made in 
terms of metric units like meters or 
feet. Without regard to the correctness 
of that belief, Helmholtzian theories 
must be understood on the basis of 
that conviction. Since binocular con- 
vergence and parallax are relatively in- 
effective beyond 100 feet, the problem 
of explaining binocular perceptions of 
sizes and distances of objects was for 
Helmholtz the same as the problem of 
explaining monocular perceptions of 
size and distance. 


The Concept of Previous Acquaintance 


Helmholtz (1925) solved the prob- 
lem of explaining monocular space per- 
ceptions, which for him were judgments, 
a making accurate perceptions depend 

experience and on some previous ac- 
ante with the special nature of 

e perceived object (p. 282). On the 
ee past experience with a particu- 
je ject, he argued, the perceiver un- 
se Poy makes an identification of 
and a from its retinal projection 
cal Soe a to the object some metri- 
together ge unconscious inferences 
Gate dle ith the sensory inputs consti- 

Perception of the object and 


make possible the perception of its dis- 
tance in a unit like feet. 

The mathematical form in which this 
claim may be expressed is the essence 
of simplicity. Consider again Figure 1. 
If the L shape is presented frontally in- 
stead of at a slant, then the triangles 
formed by the terms D and H and d 
and h are similar, yielding Equation 2: 


h/d = H/D [2] 


One can replace the terms in Equa- 
tion 2 with expressions indigenous to 
Helmholtz. The term H can be replaced 
by the term, attributed height of the 
object; the term D by judged or ap- 
parent distance; h by retinal extent; 
and d by distance between nodal point 
and retina. Call this form of Equation 
2, Equation 2a. 

The form of this equation is per- 
fectly explicit in Helmholtz’ (1925) 
comments on monocular space percep- 
tions. He asserted that in monocular 
vision with a stationary head one can- 
not discern distance (p. 158). Never- 
theless, if one is to have monocular 
space perceptions, then the distance 
from the eye of every point seen in the 
line of sight has to be known (p. 282). 
In order to solve the problem of how the 
perceiver would have such knowledge, 
Helmholtz depended on two terms: the 
retinal image and familiarity with the 
object. According to the Helmholtzian 
view one does discern with some degree 
of accuracy the retinal image, by which 
he meant the relative dimensions of the 
lines and angles which are projected 
from an object to a frontal plane or to 
the plane of the retina (p. 158). With 
the retinal image known to some degree 
of accuracy, the perceiver can then de- 
termine the distance of the object by 


depending on his previous acquaintance 
of the 


with the particular properties 
perceived object (p- 282). 

It should not be subsequently for- 
gotten what Helmholtz meant when he 
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spoke of acquaintance with the special 
nature of objects. He meant conscious 
or unconscious knowledge of metric 
sizes and angles of objects. When a 
phrase like “previous acquaintance” 
appears without its full context, there 
is the ever present danger that an 
apologist may read into it something 
more general than what Helmholtz 
meant. It can be demonstrated, for ex- 
ample, that all surfaces at a particular 
slant share in common a projection to 
the eye of complex angular relation- 
ships which identify their specific slant 
(see Flock, 1964b). Such angular re- 
lationships are not what Helmholtz 
(1925) meant by the special nature of 
the perceived object. What he did mean 
he unequivocally made clear: 


Knowing the size of an object, a human 
being, for instance, we can estimate the 
distance from us by means of the visual 
angle subtended, [my Equation 2a], or, what 
amounts to the same thing, by means of the 
size of the image on the retina. Persons in 
a landscape are particularly good objects for 
this purpose, because they are easy to recog- 
nize by their movements, they do not vary 
much in size, and we are familiar with 
them. . . . Houses, trees, plants, etc., may 
be used for the same purpose, but they are 
less satisfactory, because, not being so regular 
in size, such objects are sometimes respon- 
sible for bad mistakes. . . . This relation 
between distance and size is something that 
can only be acquired by long experience. 
and so it is not surprising that children are 
not very proficient at it, and are apt to 
make big mistakes [p. 283]. 


That familiarity with the object is 
essential to Helmholtz’ (1925) theory 
of monocular space perception is ap- 
parent from his view of the converse of 
the familiar situation. Since he thought 
that the stuff of landscapes, rocks, or 
Jaciers, for example, is unfamiliar, he 
claimed that photographs of such ob- 
jects produce nothing perceptual but an 
unintelligible medley of grey spots to 


the eye (p. 285). 


This same dependence on past experi- 
ence with the particular object as the 
unit of analysis is to be found in the 
accounts of all theorists who have fol- 
lowed Helmholtz into the twentieth cen- 
tury, for example, Ames (1951), Bruns- 
wik (1944, 1956), Hastorff (1950), 
Ittelson (195la, 1951b, 1960), Kil- 
patrick (1951), Vernon (1937), Wood- 
worth and Schlosberg (1954), just to 
mention a few. 

As an example of how closely the mod- 
ern Helmholtzian paraphrases Helm- 
holtz, consider Woodworth and Schlos- 
berg’s (1954) dependence on the concept 
of previous acquaintance in explaining 
distance perception. They maintained 
that if we know the real size of a visible 
object we have a good indication of its 
distance (p. 462). In their discussion 
of Ames’ experiment with the distorted 
room, Woodworth and Schlosberg first 
derived an equation equivalent to Equa- 
tions 2 and 2a above, making judged 
distance depend on unconscious esti- 
mates of an object’s size. They spoke 
of whole families of such equations be- 
ing neatly solved for distance. In Ames’ 
room, according to Woodworth and 
Schlosberg (1954), the perceiver need 
only notice the familiar rectangular 
patterns of the room, for which the 
estimates of size will be reasonable 
sizes of such familiar objects as deter- 
mined by prior experience (p. 489). 

Equally literal in their acceptance of 
Helmholtz’ concept of previous ac- 
quaintance were the perceptionists at 
Eat and Dartmouth in the early 
ae a (1951a), for example, 
texture ale seg mh 0D) concept of 
tions depend on ‘dint BAe ee Roo 

2 h at galaxy of assump- 
tions which an individual makes as t 
the nature and significance of the ae 
Jective world about him (p. 201). In 


the same article Itte 


Ison (1951 - 
cluded that such a mekanin Won 
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sumptions is inescapable if we are to 
account for the functioning of size as a 
cue to distance (p. 198). 


Helmholtz’ Theory of Slant Perception 


Presumably Helmholtz would have 
explained slant perception in the same 
way that he accounted for distance per- 
ception, again depending on the con- 
cept of previous acquaintance. Consider 
again Equation 1 and make the follow- 
ing substitutions: substitute the term 

unconscious attributions as to the true 
height and width of the object” for the 
term, H/W; the term “judged slant” 
for cos 0 (1 — tan «æ tan 6); and the 
term “retinal shape” for h/w. Call this 
form of Equation 1, Equation 1b. One 
may now solve Equation 1b for judged 
slant. 

This solution of the problem of slant 
perception in terms of the Helmholtzian 
concepts of unconscious inferences and 
familiarity with the object and its size 
dimensions indicates that the explana- 
tion of slant perception for the Helm- 
holtzian offers no new problems.* The 
writings of the neo-Helmholtzians sup- 
port this observation. Woodworth and 
Schlosberg (1954), for example, de- 
voted considerable space to distance 
perception. But on the subject of slant 
Perception their discussion was cursory, 
leaving the problem of explanation, 
seemingly, to judgments of distance 
and size, and to unconscious inferences. 

Equation 1b has another interest. It 
has the same form as Equation la for 
Koffka’s shape-slant invariant. Equa- 
tion 1b, therefore, is a statement of 
Koffka’s shape-slant invariant in Helm- 
teagan place Helmholtz (1925, P. 285) 
direct bi age Sani could be derived 
about’ the te retina image and inferences 
This ee internal angles of objects. 
even furthes would burden, the organism 
k , since in addition to having 


now] 
also hee about the sizes of objects it would 
e to “know” about their true shapes. 


holtzian terms. As for the Gestaltist, 
the shape-slant invariant is the Helm- 
holtzian means of explaining the per- 
ception of slant. 

Gestalt theory presumably depends 
on the good form of the textural shapes 
of a surface to produce correct phe- 
nomenal perceptions of slant. Helm- 
holtzian theory depends on the concept 
of familiarity with the object, employs 
an unconscious inference about the spe- 
cific or relative sizes of the shape’s pro- 
portions, and then, also via the shape- 
slant invariant, generates a judgment of 
slant. 

A comparison of Equations 1a and 1b 
clearly isolates what distinguishes a 
Helmholtzian from a Gestaltist. Both 
depend on the circumscribed retinal 
shape. Both make phenomenal slant a 
derived phenomenon dependent on the 
accuracy of judgments or perceptions 
of shape, or on the accuracy of autoch- 
thonous shape processes. They differ 
only in the mechanism by which they 
arrive at their predictions of what phe- 
nomenal shapes will occur, one empha- 
sizing experience, the other physiology. 

There are further similarities. For 
example, Helmholtz (1925) often im- 
plies that what is familiar is what the 
Gestaltist would call a good Gestalt (p. 
285). To the extent that the two terms 
are synonymous, the predictions of the 
Gestaltist and the Helmholtzian would 
converge and be congruent. 


GIBSON ON PERCEPTION OF SLANT 


In contrast to the Helmholtzian and 
Gestalt theories, both of which tended 
to solve the problem of slant percep- 
tion by making it dependent on shape 
perception, Gibson (1947, 1948, 1950b) 
proposed a new theory of space per- 
ception in the years after 1947. Unlike 
his predecessors Gibson made the prob- 
lem of slant central to his theory 0 
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space perception. Correct space percep- 
tions are said to depend on conditions 
which always imply the accurate per- 
ception of a surface at a slant. In or- 
der to give an account of correct slant 
perceptions, Gibson introduced two new 
concepts: optical texture and optical 
texture gradients. With these concepts 
as his analytic units, Gibson altered 
the empirical questions traditional to 
the area of space perception in general 
and of slant perception in particular. 


Optical Texture 


Gibson (1950b, 1961) has noted that 
to every point in space are projected 
rays of light from the surrounding sur- 
faces. He has called the bundle of light 
rays converging on one of these points 
the optic array. Because adjacent ele- 
ments in a particular surface absorb 
and reflect light differently, the re- 
flected rays of light have different in- 
tensities and the optic array possesses a 
texture called the optical texture. Gib- 
son (1950b, 1957) has noted also that 
a particular class of substances re- 
flects luminous patterns that are unique 
to that class and these luminous pat- 
terns are identifiable within the optical 
texture: 


A natural optic array (the light to a point 
in space occupied by an eye) has a very 
complex structure. It contains patterns within 
patterns within patterns. . . . There is, in 
fact, a hierarchy of structure, and this reflects 
the various levels of structure of the physical 
world (mountains, trees, pebbles, crystals, 
molecules) [1957, p. 3]. 


Optical Texture Gradients 


The principle that each class of sub- 
stances reflects light uniquely implies 
that the optical texture possesses re- 
petitive, congruent luminous patterns 
corresponding to substances of the same 
class; and possesses different congruent 
Juminous patterns corresponding to sub- 
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stances of different classes (see Flock, 
1964b). The Presumptive identification 
of a set of congruent luminous patterns 
in the optical texture makes possible 
the definition of what Gibson (1950b) 
has called the optical texture gradient. 

Gibson defined the optical texture 
gradient (some order of change like 1, 
2, 3, 4; 1, 2, 4, 8, etc.) as the rate of 
increase of the density of elements. By 
the term elements Gibson has meant 
the luminous transitions in the optic 
array, which he refers to as adjacent 
cycles of light intensity (Gibson, 1950a, 
1961; Gibson, Purdy, & Lawrence, 
1955, note p. 1). These adjacent cycles 
(or changes) of intensity correspond to 
the light reflected from adjacent par- 
ticles of differing matter within, for ex- 
ample, a surface texture, 

By defining the optical texture gradi- 
ent as the changing density of luminous 
transitions, Gibson has created an un- 
necessary difficulty for his theory. The 
structure of matter certainly is angu- 
larly much finer than the resolving pow- 
ers of the human eye. This means that 
there are as many discriminable lumi- 
nous transitions along one optic meri- 
dian as along any other, regardless of 
the position of a surface. Under most 
conditions, therefore, there can be no 
gradient of luminous transitions in the 
optical texture. By defining the optical 
texture gradient as the changing density 
of congruent luminous patterns, how- 
ever, Gibson could have avoided many 
of these difficulties (see Flock, 1964b), 
That Gibson (1950b) might really have 
meant congruent luminous Patterns 
rather than luminous transitions as the 
unit of the optical texture gradients jg 
indicated by the way he has talked 
about optical texture gradients. He has 
described them in terms of the light = 
flected by particular classes of elements 


like houses, fence posts telegr i 
fields, hills, etc. > = e8raph poles, 
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Optical Texture Gradients as Stimuli 
for Slant Perceptions 


For mathematical reasons Gibson 
(1950a) has argued that it is reason- 
able to identify the optical texture 
gradient with the slant of a distal sur- 
face to the line of regard, and thereby 
to call the texture gradient the stimulus 
for phenomenal slant. According to the 
geometry of perspective, he has noted, 
a flat surface projects a distribution 
of optical texture (congruent luminous 
patterns) that gets denser as the sur- 
face recedes. Moreover, the optical 
gradient of density is proportional to 
the angle of slant (p. 373). 


The Nature of Gibson’s Empirical In- 
quiry 


, Helmholtz invariably initiated a ques- 
tion about space perception with an in- 
quiry into the mechanisms for identify- 
ing an object and making correct esti- 
mates of its size or distance in terms 
of units like feet and inches. In con- 
trast, Gibson has argued that if two 
perceivers correctly see, for example, 
the relational sizes of trees, houses, 
people, etc., then presumably the space 
seen by the two perceivers would look 
approximately the same without regard 
to: the fact that they might disagree 
widely as to the identity and metrical 
sizes and distances of the perceived ob- 
jects. As a result, Gibson has focused 
on the information necessary for mak- 
Pe relational judgments. That informa- 
oe to has found, implies neither the 
on me nor the metrical subjectiv- 
ispit elmholtzian theory. He would 
ing a therefore, any claim that mak- 
a entifications and metrical esti- 
apat are necessary conditions for 
perceptions. 
the ereas former theories had made 
Perception of slant d d th 
perception of ant dependent on the 
shape, and the perception 
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of shape dependent on behavioral fac- 
tors like previous acquaintance or on 
physiological factors like the principle 
of Prägnanz, conditions all internal to 
the organism, Gibson has analyzed the 
proximal stimulus for variables which 
could replace the subjectivist constructs 
previously used. In this reaction to sub- 
jectivism, Gibson (1948) has never sug- 
gested an empty organism. He has 
asked only that one should attribute no 
more machinery to the organism than 
is necessary. While Gibson has had little 
to say about the subjective attributes 
which would be necessary to register his 
optical stimuli, he would presumably 
agree that the registration of stimuli 
like optical texture gradients does imply 
some organismic achievements. 


Empirical Testing of Gibson’s Theory 
of Slant Perception 


Since 1950 Gibson and his associates 
have both theoretically and empirically 
demonstrated with varying dependence 
on mathematical expression that optic 
variables specify distal spatial proper- 
ties and that these optic variables elicit 
appropriate judgments of spatial prop- 
erties. 

Of the various experimental papers 
emanating from Gibson’s laboratory, by 
far the largest number of papers on & 
single topic has been concerned with the 
relation of optic variables to the phe- 
nomenal slant and change of slant of a 
surface: Bergman and Gibson (1959), 
Flock (1962), Gibson (19502), Gibson 
and Cornsweet (1952), Gibson and Gib- 
son (1957), Gibson, Gibson, Smith, and 
Flock (1959), Gibson, Olum, and Ros- 
enblatt (1955), Gibson, Purdy, and 
Lawrence (1955), Purdy (1958), and 
von Fieandt and Gibson (1959). 

Typically, the experiments of Gibson 
and his associates in contrast to those 
of the Helmholtzian or the Gestaltist 
present the perceiver with a display of 
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unfamiliar and irregular objects or tex- 
tural elements (see, e.g., Flock, 1964a; 
Gibson, 1950a; Gibson & Gibson, 1957). 
The experimenter then demonstrates 
that the subject responds appropriately 
on the basis of the information present 
in the light to the eye (Gibson & Flock, 
1962, e.g., explain the mountain illusion 
as an appropriate perceptual response 
to optic variables). This information 
typically involves complex angular rela- 
tions. Organismic registration of such 
angular relations presumably requires 
the ability to pick up ratios of angles 
without regard to conscious or uncon- 
scious knowledge of the stuff whose 
angles are being regarded. Since the 
complex angular relations geometrically 
specify, for example, the distal surface 
slants, the registration of these relations 
and the concomitant phenomenon of 
slant do not entail the physiological 
autochthonous process of the Gestaltist. 

Most recently, Flock (1964b) has de- 
scribed trigonometric angular variables 
in the optical texture which theoret- 
ically specify the distal slant of a phys- 
ical surface to the motionless monocular 
perceiver both when the surface is mo- 
tionless and when moving. In empirical 
demonstrations of the effects of the 
stimulus, Flock (1962, 1963, 1964c; 
Flock & Moscatelli, 1964) has shown 
that the visual slant judgments do 
covary with the optic variables but do 
not necessarily depend on Helmholtz’ 
concept of previous acquaintance nor 
on the principle of Prégnanz as it is 
interpreted above to apply to slant per- 
ceptions. Flock (1964c) has demon- 
strated also that monocular slant judg- 
ments can be accurate even though 
shape judgments coincide with the ret- 
inal shapes rather than with the very 
different objective shapes. 

Presumably a test of credibility 
among the three theories of slant 
perception depends on demonstrating 
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whether the degree of accuracy of slant 
perceptions is best predicted by good- 
ness of shapes (Gestaltist), familiarity 
of shapes (Helmholtzian), or optic in- 
formation without regard to the status 
of the shapes (Gibsonian). 
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SYSTEMATIC EFFECT OF RANDOM ERROR IN THE 
YOKED CONTROL DESIGN * 


RUSSELL M. CHURCH 


Brown University 


The yoked control design has been employed to determine whether the 
effect of an event on a response is related to the temporal relationship 
between the event and that response. A number of specific examples of 
this design are discussed, and the conclusion is reached that the results 
are necessarily ambiguous. If the event does have an effect on behavior, 
systematic differences between the experimental group and its matched 
control group will emerge: (a) if the temporal relationship between 
response and event is relevant or (b) if various sources of random 
error are present, such as individual differences in the effectiveness of 


the event. 


In an instrumental learning situation 
an experimental subject (S) receives an 
event as a function of a response. For 
example, each lever press of a rat may 
result in a slight increase in illumina- 
tion or a mild shock of short duration. 
This event may affect some measured 
behavior, such as the rate of lever 
pressing. For some events it is not cer- 
tain whether the temporal relationship 
between the event and the response is 
relevant to the observed effect, that is, 
whether we are dealing with learning or 
with some less specific process such as 
activation or sensitization. One method 
of establishing the relevance of this 
temporal relationship involves the use 
of the yoked control design. 

The yoked control design involves a 
number of Ss that are paired on some 
basis. One of the two members of each 
pair is randomly selected as the ex- 
perimental S; the other member is 
selected as the control S. The experi- 
mental S is put into an instrumental 
learning situation in which an event 
occurs if it makes a particular re- 
sponse; the control S is put into a 


1 Preparation of this article was facilitated 
by Research Grant MH-2903 from the Na- 
tional Institute of Mental Health, United 
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situation in which an equivalent event 
occurs if its yoked experimental S 
makes the response. The critical char- 
acteristic of this design is that an ex- 
perimental S determines the presenta- 
tion of events to its control S so that 
the experimental and control Ss receive 
the same number and temporal dis- 
tribution of events (Figure 1). Ap- 
parently the only difference between 
them is that the experimental S, but 
not the control S, always receives the 
event immediately after a response. 
Consider a situation in which the 
null hypothesis is true (i.e., the tem- 
poral relationship between the response 
and the event is irrelevant), but one 
in which the event does have an effect 
on behavior. Using the yoked control 
design in such a situation the unwary 
experimenter would expect to falsely re- 
ject the null hypothesis with a prob- 
ability equal to the level he had set 
for the Type I error. Unfortunately, he 
may falsely reject the null hypothesis 
more often if there are individual dif- 
ferences among Ss that are randomly 
assigned to the experimental and con- 
trol groups. As in other experimental 
designs individual differences result in 
random errors, but in the yoked con- 
trol design individual differences also 
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Response of 
Experimental 


Subject 


Response of 
Control 


Subject 


Fic. 1. Diagrammatic representation of 
the yoked control design. (Although both 
experimental and control Ss receive the same 
number and temporal distribution of events, 
only the experimental S produces events. 
Any difference in the behavior of the experi- 
mental and control Ss is assumed to be a 
result of this difference.) 


may produce a constant error that can- 
not be reduced by increasing the num- 
ber of observations. The following argu- 
ment illustrates the point that a re- 
liable difference in behavior between 
the experimental and control group 
may be due to the temporal relation- 
ship between the response and the 
event, or it may be due merely to indi- 
vidual differences. 


INDIVIDUAL DIFFERENCES IN THE 
Yorken CONTROL DESIGN 


Classical and Instrumental Eyelid 
Conditioning. The percentage of con- 
ditioned eyelid responses is higher 
under a classical procedure in which an 
unconditioned stimulus (UCS) is pre- 
sented on each trial than under an 
instrumental avoidance procedure in 
which the UCS is presented only on 
Fone that S fails to make a response 
fe, Mann, & Dufort, 1955; 
1961) 1951; Moore & Gormezano, 
een Compared with Ss trained with 
foe S ee procedure, Ss trained with 
2) pact aie avoidance procedure, 
UCs, (b) fewer presentations of the 
regular eee the UCS on an ir- 
the UCS ie of trials, and (c) avoid 

they make a particular re- 


sponse. The yoked control design, by 
equating Ss with respect to the number 
and pattern of reinforcements, appears 
to be the ideal design to determine 
whether or not the correlation between 
response and reinforcement is related 
to the percentage of conditioned re- 
sponses. On each trial an S in the 
instrumental avoidance group would 
receive a pufi of air (UCS) 4 second 
after conditioned-stimulus (CS) onset 
unless it made an eyelid response of 
sufficient magnitude and latency. The 
control S would receive a UCS 4 second 
after CS onset if its matched experi- 
mental S received a UCS on that trial. 
Presumably the only difference between 
the two groups would be that the 
response and reinforcement were Cor- 
related in the instrumental avoidance 
group, but they are independent in the 
matched control group. Moore and 
Gormezano (1961) have performed this 
experiment, and they found that the 
instrumental avoidance group had a 
greater percentage of conditioned eyelid 
responses than a classical group equated 
for number and pattern of reinforce- 
ments. This result, as we will show, does 
not demonstrate the relevance of the 
temporal relationship between the eye- 
lid response and the reinforcing event. 

Let us suppose that classical condi- 
tioning occurs (the event does have an 
effect on behavior), but that the cor- 
relation between response and event is 
irrelevant. Thus, by assumption, the 
null hypothesis is true. Let us also 
make the eminently reasonable assump- 
tion that there are individual differ- 
ences in the effectiveness of the event, 
for it is certainly well established that 
there are large differences in the per- 
centage of conditioned responses made 
by various Ss under similar treatments. 
To simplify the exposition, let us as- 
sume that there are only two kinds of 
Ss, those for which the event is effective 
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in producing eyelid conditioning and 
those for which it is not (Table 1). 

If an experimental S for which the 
event is effective is matched with a con- 
trol S for which it is equally effective, 
no reliable difference in the percentage 
of conditioned responses will appear 
(Case 1). Similarly, no reliable differ- 
ence will appear in those cases in which 
the event is ineffective for both Ss 
(Case 4). Differences between the 
groups, however, appear in the second 
and third cases of Table 1. If an ex- 
perimental S that is affected by the 
event is matched with a control S that 
is not, the experimental S will make 
substantially more responses than its 
matched control. If, on the other hand, 
an experimental S that is not affected 
by the event is matched with a control 
S that is affected, neither will make 
many responses. The experimental S 
will rarely make a response (by as- 
sumption) and the control S$ will not 
make many responses either because 
it only occasionally receives an event. 
Thus a significant difference in behavior 
between the experimental and con- 
trol group may be due simply to in- 
dividual differences in the ease of clas- 
sical conditioning. 

To simplify the exposition, each S 
was considered to be “affected” or “not 
affected” by the event. Of course, it is 
more reasonable to assume that the 
degree to which an S will be affected 
by an event is a continuous variable, 


TABLE 1 


INDIVIDUAL DIFFERENCES IN THE 
EFFECTIVENESS OF AN EVENT 


Case Experimental Control 
1 Effective Effective 
2 Effective Ineffective 
3 Ineffective Effective 
4 Ineffective Ineffective 


The systematic effects described above, 
however, also apply in this more gen- 
eral case. For experimental Ss the 
frequency of events is related to their 
effectiveness; a similar relationship is 
not to be found in the case of control 
Ss. Thus, as Moore and Gormezano 
(1961) state in the case of instrumental 
eyelid conditioning: 


The superior performance of Ss in the in- 
strumental procedure appears to be due then, 
to their receiving the UCS when needed, i.e., 
when the CR fails to occur, whereas, no 
such consistent relationship exists for the 
classical partial reinforcement procedure [p. 


558]. 

Thus, the instrumental procedure may 
be a more effective method of training 
than the matched classical control, but 
it is more effective not because of the 
close temporal association between a 
response and a reinforcing event, but 
because instrumental training allocates 
events to Ss that are most likely to 
profit from them. 

Positive Reinforcers. Rats that re- 
ceive a slight increase in illumination 
immediately following a lever response 
make significantly more such responses 
than rats that do not receive this 
event. The light may serve to reinforce 
the immediately preceding response, or 
it may serve to increase general activ- 
ity, which could result in an increase in 
the measured rate of lever responding. 
To distinguish between these alterna- 
tives, Kling, Horowitz, and Delhagen 
(1956) used a yoked control design. 
Rats were paired on the basis of the 
frequency that they touched the lever 
and one S from each pair was randomly 
assigned to the experimental group. 
Whenever an S in the experimental 
group touched the lever, it received an 
increase in illumination and the S in 
the control group with which it was 
matched also received the same increase 
in illumination. On the first day of this 


a y = a 


3j. 
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treatment experimental Ss made sig- 
nificantly more responses than their 
matched control Ss (Wilcoxon’s signed 
ranks test, p < .01). Although these 
results appear to support the view that 
the light served as a reinforcing stim- 
ulus, they do not necessarily exclude 
the “activity” hypothesis. Using the 
same argument developed in the case 
of eyelid conditioning, we may con- 
clude that if the event (light onset) in- 
creased the activity of some Ss more 
than others, experimental Ss might 
have responded significantly more 
often than the control Ss with which 
they were matched. 

Studies of secondary reinforcement 
are concerned with the reinforcing 
property of a previously neutral event 
(eg, the sounding of a buzzer) after 
it has been paired with positive rein- 
forcement. The Ss that receive the 
event after each response may make 
more responses than Ss that do not 
receive the event either because the 
event served as a reinforcer of the re- 
sponse or because it served as an 
arouser of activity. To distinguish be- 
tween these alternatives a number of 
investigators have employed the yoked 
control design (Clayton & Savin, 1960; 
Crowder, Gay, Bright, & Lee, 1959; 
Crowder, Gay, Fleming, & Hurst, 1959; 
Crowder, Gill, Hodge, & Nash, 1959; 
Crowder, Morris, & McDaniel, 1959; 
Fox & King, 1961; Wyckoff, Sidowski, 
& Chambliss, 1958; Zimmerman, 1959). 
The results of studies in which experi- 
mental Ss responded significantly more 
ae meny than their matched control 
Soa the due to individual differ- 
gan e effectiveness of the event 

N arouser of activity. 

Mie Ge In many ex- 
that the it has been demonstrated 
stimulus presentation of a brief noxious 
me diately pe electric shock, im- 

er the occurrence of a 


response results in suppression of the 
response. Does this response suppres- 
sion occur because the punishing event 
occurred shortly after the response or 
does it occur because of the general 
suppression of behavior resulting from 
the presentation of the noxious stimuli? 
Although the yoked control procedure 
would serve to equalize the number 
and temporal distribution of punishing 
events, a reliable difference between the 
experimental and control groups could 
emerge even if the temporal relation- 
ship between response and punishment 
were irrelevant (Church, 1963). Tf, for 
example, the experimental S requires a 
few more punishments than its matched 
control S before it ceases to respond, 
there will be only a small difference in 
favor of the experimental S. If the con- 
trol S requires a few more punishments 
than its matched experimental S, how- 
ever, the control S will never cease re- 
sponding. 

Bindra and Anchel (1963) used a 
yoked control design to demonstrate 
that “immobility” could be used as an 
avoidance response. Shock was applied 
to the experimental animal whenever it 
was moving, and a matched control S 
received shock whenever the experi- 
mental animal received it. The assump- 
tion was made that if the rats remained 
immobile as a result of unconditioned 
“freezing” to the shock, the experi- 
mental Ss and their matched control 
Ss should be indistinguishable, but if 
immobility could be considered as a re- 
sponse reinforced by shock termination, 
then the experimental Ss would remain 
immobile more than their matched con- 
trol Ss. Unfortunately, if Ss developed 
a freezing pattern of response to shock 
at different rates, a significant differ- 
ence could emerge between the groups 
even if the contingency between the 
response and shock termination were 
irrelevant. The familiar asymmetry also 
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appears in demonstrations of superior 
cardiac conditioning by Ss in an instru- 
mental avoidance group than by Ss in 
a yoked classical control group (Shearn, 
1962). 

Do animals develop “fear from a 
sense of helplessness’? Mowrer and 
Viek (1948) compared the number of 
eating inhibitions of rats that could 
escape from an electric shock with 
those of rats that received equivalent 
durations of shock from which they 
could not escape. Experimental Ss were 
presented with food on the end of a 
stick and, 10 seconds later, they re- 
ceived a shock from which they could 
escape by jumping into the air. Each 
experimental S was matched with a 
control S that received the presentation 
of food on the stick for 10 seconds and 
then shock of the same intensity and 
duration as that received by its 
matched experimental S on that trial. 
The only obvious difference in treat- 
ment was that the experimental S could 
escape from the shock by making a 
particular escape response while termi- 
nation of the shock for the control S 
was not related to any particular re- 
sponse. Mowrer and Viek found that 
the number of eating inhibitions were 
significantly greater in the control 
group than in the experimental group, 
and they concluded, “A painful stim- 
ulus never seems so objectionable if one 
knows how to terminate it as it does if 
one has no control over it.” Unfortun- 
nately, once again, individual differ- 
ences in the effectiveness of the event 
could produce reliable differences be- 
tween the experimental group and its 
matched control group. Let us only 
make the additional, but reasonable, 
assumption that the escape responses 
of Ss for which the shock is particularly 
effective will be more rapid than those 
of Ss for which the shock is relatively 
ineffective. Then, by referring back to 


Table 1, it will be noted that in Case 2 
the experimental S will respond rapidly 
and thus the shock will be of brief 
duration to both it and its matched 
control S, but in Case 3 the experi- 
mental S will respond more slowly since 
the shock is relatively ineffective, and 
the control S for which the shock is 
effective will receive considerable nox- 
ious stimulation. This alone could pro- 
duce a reliable difference between the 
experimental group and the matched 
control group. Although Gibson (1957) 
successfully replicated the Mowrer-Viek 
experiment, several studies have not 
found a difference in the amount of 
fear produced by escapable and non- 
escapable shocks (Brimer & Kamin, 
1963; Stanley & Monkman, 1956), and 
one study (Brady, Porter, Conrad & 
Mason, 1958) found experimental 
monkeys that could avoid a shock by 
making a lever response developed 
more ulcers than their matched con- 
trol Ss. (This study, however, did not 
strictly employ a yoked control design 
since the Ss were not randomly as- 
signed to the two groups.) Presumably, 
in these instances, the extent of in- 
dividual differences in the effective- 
ness of the event was not sufficiently 
great to produce reliable differences be- 
tween the experimental group and its 
matched control group. 

Sawrey and Weisz (1956) demon- 
strated that hungry and thirsty rats 
that receive electric shock whenever 
they eat or drink during repeated 47- 
hour sessions develop substantially 
more ulcers than unshocked controls. 
Are the ulcers a result of conflict, or 
merely of shock? Sawrey, Conger, and 
Turrell (1956) performed an experi- 
ment in which each experimental $ that 
was in a conflict situation was Paired 
with a control S that received equiva- 
lent shocks. The results were that the 
Ss in conflict developed significantly 
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more ulcers than their matched con- 
trols. Let us assume that the event 
(shock to a deprived rat) is sufficient 
to produce ulcers, but that there are 
individual differences in susceptibility 
to ulceration. Systematic difference be- 
tween the groups should emerge that 
are unrelated to conflict unless the un- 
reasonable assumption is made that a 
rat suffering with ulcers is as likely to 
enter an electrified grid to obtain food 
and water as a normal rat. 

General Statement Regarding In- 
dividual Differences. Although we have 
emphasized individual differences in the 
effectiveness of an event, other differ- 
ences between the individuals can also 
produce the systematic effects described 
above. A reliable difference between the 
experimental group and its matched 
control group may arise from individual 
differences in the initial probability of 
response, in the effectiveness of the 
event, or in the final asymptotic level. 
Consider, for example, a simple linear 
Operator of the form Pni1 = pnt? 
(A — pn). If there are individual differ- 
ences in the initial probability of a 
response (po), in the effect of the event 
On the rate of change of the probability 
Of a response (6), or in the asymptotic 
level of performance (A), systematic 
differences will emerge between an ex- 
Perimental group and its matched con- 
trol group. 


AN EXTENSION or THE YOKED 
CONTROL DESIGN 


I 
sidered of the examples we have con- 


e ey So far, the control s received 
Petiments at the same instant in ex- 
mental o time as its matched experi- 
receives More generally, the control 
mental San event (a) if the experi- 
if it make received the event and (b) 
sponse Si a specified response. The re- 
quired of the control S is 


x 


usually more inclusive than that re- 
quired of the experimental S, but it 
does not necessarily include all con- 
ceivable responses. For example, we will 
now consider situations in which the 
experimental S will receive an event if 
it makes a response with a certain 
speed requirement and the control S$ 
will receive an event (a) if the experi- 
mental S received the event and (0) if it 
makes the response at any speed. We 
may anticipate that the systematic in- 
fluence of individual differences will 
remain in this extension of the yoked 
control design. 

Positively Correlated Reinforcement. 
Ferster and Skinner (1957) used a 
yoked control procedure to demonstrate 
that the high response rates of pigeons 
on variable-ratio schedules of reinforce- 
ment are due to differential reinforce- 
ment of rate, rather than to increased 
frequency of reinforcement. Each S 
that was on a variable-ratio schedule 
was matched with a control S that re- 
ceived a reinforcement for its first re- 
sponse after its matched experimental S 
received a reinforcement. The experi- 
mental Ss responded more rapidly than 
their matched control Ss, despite the 
fact that they received the same num- 
ber of reinforcements in each session. 
Although it is possible that differential 
reinforcement of response rate increased 
the response rate of the experimental 
Ss, a reliable difference between an 
experimental group and its matched 
control group might equally well have 
appeared if the number of reinforce- 
ments that an experimental S received 
at a given session were a function of 
its response rate at the previous ses- 
sion. Response rate 1s positively re 
lated to the frequency of reinforcement 
and, presumably, there are individual 
differences in the magnitude of this 
relationship. In the yoked control de- 
sign reinforcements are allocated to Ss 
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in the experimental group that have 
demonstrated that they will profit from 
them; a similar allocation is not made 
in the case of the control group. Thus, 
if there are individual differences in the 
relationship between reinforcement fre- 
quency and response rate, systematic 
differences in response rate will emerge 
between experimental Ss and their 
matched control Ss. The same problem 
appeared in studies of competitive 
schedules of reinforcement (Church, 
1961, 1962). Although the competitive 
allocation of reinforcements was as- 
sumed to be effective because of the 
differential reinforcement of response 
rate, it is now clear that there could 
have been a systematic difference be- 
tween the experimental group and its 
yoked control group even if the dif- 
ferential reinforcement of rate was in- 
effective in changing the response rate. 

Negatively Correlated Reinforcement. 
Logan (1960) has emphasized the im- 
portance of the correlation between 
running speed of rats in the straight 
alley and the conditions of reinforce- 
ment. Although experimental rats that 
were reinforced only if they reached 
the goal box before some time criterion 
did not learn to run significantly faster 
than their matched control Ss, experi- 
mental rats that were reinforced only 
if they reached the goal box after some 
time criterion (e.g., 5 seconds) learned 
to run to the goal box significantly more 
slowly than their matched control Ss 
(Logan, 1960, p. 165). The difference 
between the experimental group and its 
matched control group in the speed of 
running may be a result of the correla- 
tion between reinforcement and a par- 
ticular running speed, or it may be a 
result of the method of allocation of the 
number of reinforcements to Ss. This 
same ambiguity is present in the inter- 
pretation of the effects of competitive 
allocation of reinforcement to the slower 
of two rats in adjacent lever boxes 


(Church, 1961) or in adjacent runways 
(Carnathan & Church, 1964). 


VARIABILITY WITHIN Ss AND THE 
Yoxep CONTROL DESIGN 


If individual differences were the 
only source of random variation in the 
yoked control design there would be a 
simple way of making an unbiased 
estimate of the treatment effect. This 
would be to disregard all magnitudes of 
differences between the experimental S 
and its matched control S, and to con- 
sider only the direction of the differ- 
ence between them. Under the null 
hypothesis, individual differences be- 
tween Ss that are randomly assigned to 
the experimental group and the matched 
control group would result in no system- 
atic difference in the number of Ss that 
are more affected in one group than the 
other. Unfortunately, it can be shown 
that even a sign test results in system- 
atic bias if one assumes that there are 
within-S differences of a random nature. 
Even if the average effect of an event 
is the same for an experimental S and 
its matched control S, for a variety of 
reasons, one or the other S may be 
more affected during any given block of 
time. If this is the case, then all the 
statements made for a number of pairs 
of Ss also apply to each single pair of 
Ss over a number of trials. Conse- 
quently variability within Ss may result 
in a systematic difference in the num- 
ber of experimental Ss that are more 
affected than their matched control Ss. 

Let us reconsider the comparison 
of instrumental avoidance eyelid con- 
dititioning with a classical matched 
control group, now with the assumption 
that, although there are no individual 
differences in the ease of classical con- 
ditioning, there is some variability from 
moment to moment in the effectiveness 
of a classical conditioning trial. If the 
trial is administered at an instant dur- 
ing which only the experimental S will 
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reach 100% criterion, the control S 
will have no further chance to become 
conditioned. If, on the other hand, the 
trial is administered at an instant dur- 
ing which only the control S will reach 
100% criterion, the experimental S will 
receive further trials with the UCS. 
Thus each experimental S will continue 
to receive the events until it is con- 
ditioned, that is, it will receive what- 
ever number of events it needs to be- 
come conditioned. On the other hand, 
some control Ss will receive more events 
than necessary to become conditioned 
while others will not receive enough. Con- 
sequently, within-S variability among 
otherwise identical Ss may produce a 
systematic difference between an experi- 
mental group and its matched control 
group. As a second example of the sys- 
tematic effect of variability within Ss, 
let us reconsider the experiments in- 
vestigating “fear from a sense of help- 
lessness” (Mowrer & Viek, 1948). 
Presumably there will be some varia- 
tion from one moment to the next in 
the severity of the shock, as a result of 
variation in density and locus of the 
shock, in the degree of contact with the 
grid, etc. Whenever the experimental S 
receives a particularly painful shock, 
it may be able to escape quickly, but 
its matched control S is in a less 
fortunate position. Sometimes a par- 
ticularly painful shock to the control 
S will be terminated by its matched 
experimental S, but this is not always 
pe case. It may be that the “helpless” 
es S shows more eating inhibition 
> E the lack of correlation between 
i E and shock termination or 
variation a result of moment to moment 
SeA hed the severity of the shock. 
may be miS illustrate a point which 
examples Pp ied to each of the other 
temata Penta considered: A sys- 
mental. gro erence between the experi- 
eon up and its matched control 
P may be produced by variabilit 

y variability 


within Ss, even in the absence of any 
individual differences. 

One modification of the yoked con- 
trol design involves a continual re- 
definition of the “response” so that the 
experimental S (and, therefore, its 
matched control S) receives the event 
close to some fixed percentage of trials. 
For example, Logan (1960) reinforced 
the running response of an experi- 
mental rat in a straight alley if it was 
faster than the median of its previous 
day’s performance, and Church and 
Carnathan (1963) reinforced the lever- 
press response of an experimental rat 
to an auditory signal if the latency was 
less than the median of its previous 
day’s performance. In these experi- 
ments each S in the experimental group 
and in the matched control group te- 
ceived reinforcement on approximately 
50% of the trials. Here, then, there is 
no problem of individual differences, 
but systematic differences may emerge 
if there are within-S differences in the 
effectiveness of the event. In most situa- 
tions it is unreasonable to assume that 
a given S is equally affected by an 
event in each block of time because of 
such factors as inattention and fear. 
If Ss are more affected by the events 
in blocks of time when they are re- 
sponding rapidly, events would be de- 
livered to experimental Ss when they 
would be most effective. Since there is 
usually no quantitative estimate avail- 
able of the extent of the variations in 
effectiveness of the event, there does not 
seem to be any statistical analysis pos- 
sible to separate the effects of differ- 
ential reinforcement from sources of 
random error in the yoked control 
design. 


ALTERNATIVES TO THE YOKED 
CONTROL DESIGN 


Alternative experimental designs are 
available to test the research hypotheses 
that have been investigated with the 
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yoked control design. To determine 
whether or not the temporal relation- 
ship between the event and the re- 
sponse is relevant to the observed effect, 
independent groups may be trained 
with different intervals of delay be- 
tween response and event. To deter- 
mine whether the frequency of events 
is responsible for the observed effects, 
independent groups may be used with 
different event frequencies. These may 
be less efficient than the yoked control 
design, but the random errors do not 
produce systematic effects. 

Imagine an experiment in which two 
observers face a screen. On each trial 
the experimental S depresses a key that 
projects a word on the screen. When he 
believes he has correctly identified the 
word, he releases the key which turns 
off the stimulus word. The matched 
control S sits by his side as a passive 
observer and receives exactly the same 
duration and intensity of the stimulus 
on each trial. The research hypothesis 
might be that the recognition threshold 
is decreased if S makes a motor re- 
sponse terminating the stimulus to be 
identified. If this experiment should 
demonstrate that the experimental Ss 
correctly identify a significantly greater 
proportion of the words than the con- 
trol Ss, we would certainly search for 
an explanation more compelling than 
the original research hypothesis. Such 
an explanation would be found in the 
systematic effect of individual differ- 
ences between Ss and the moment-to- 
moment variability of each S in the 
probability of detection of a stimulus. 

If the yoked control design had been 
used primarily to investigate such un- 
likely research hypotheses, it would 
have been severely criticized and aban- 
doned some time ago. The design, how- 
ever, typically has been used to test 
research hypotheses which are probably 
correct. For this reason the yoked con- 


trol design may not often have led to 
the false rejection of the null hypoth- 
esis. Nonetheless, since the design con- 
founds various sources of random error 
with treatment effects, the results are 
necessarily ambiguous. 
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Literature on the relationship of EEG to test intelligence scores is 
reviewed. Evidence for the relationship between these 2 variables seems 
strongest for samples of children, institutionalized geriatric patients, 
mental deficients, and brain-injured persons; and weakest for samples 
of normal adults. EEG indices seem to be more strongly related to MA 
than to IQ. Criticisms of the previous research are directed at insufficient 
attention to the measurement of intelligence, failure to control for sex, 


too restricted placements of leads, too restricted an employment of EEG 


indices, and the assessment of E 
conditions. These methodological 
and some solutions proposed, 


In an extensive review of the psy- 
chological correlates of EEG, Lindsley 
(1944) concluded that “it appears 
doubtful that there is any very high 
degree of relationship between intel- 
ligence as measured by tests and the 
EEG.” Ostow (1950) stated that 
“there is no relation between any fea- 
ture of the encephalogram and the in- 
telligence of nondefective persons.” 
Finally, Ellingson (1956) in the last 
major review of this topic, wrote “the 
weight of the evidence indicates that 
the alpha rhythm is unrelated to test 
intelligence.” 

Thus, the virtually unanimous opin- 
ion of these reviewers is that little 
convincing evidence exists for relation- 
ships between EEG and test intel- 
ligence. However, the total number of 
studies reviewed by Lindsley (1944), 
Ostow (1950), and Ellingson (1956) 
were almost equaled in number by 
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132 


the studies which were not reviewed. 
In addition, since Ellingson’s (1956) 
Paper, as many studies have been re- 
ported on the relationship between 
EEG and test intelligence as were 
published previously. Since a number 
of the recent studies as well as many 
of the older, previously unreviewed 
Papers report significant relationships 
between EEG and test intelligence, it 
Seems appropriate at this time to evalu- 
ate anew the relationship between these 
two variables. 

The relationship of EEG to test intel- 
ligence involves the question of the 
nature of EEG phenomena, and the 
level of human behavior to which they 
are related. Electroencephalographers 
are sharply divided on this issue. On 
one side are those represented by 
Sisson and Ellingson (1955) who state: 


Since both alpha and beta activity appear to 
be quite primitive functions of neural tissue, 
we find it difficult to believe that any of 
their measures will be found to correlate with 
any of the dimensions of so complex and 
phylogenetically recent an entity as the hu- 
man personality [p. 357]. 


Presumably, they would hold that this 
view is also applicable to the attempt 
to correlate EEG with intelligence. In 


x| 


u 


— Y = 


RELATIONSHIP BETWEEN EEG AND TEST INTELLIGENCE 133 


support of this argument it might be 
noted that alpha, and alpha blocking 
by light stimuli have been demonstrated 
in animals as phylogenetically primitive 
as the insect; alpha frequencies have 
been observed in the sympathetic nerv- 
ous system of the cat (Bronk, Fergu- 
son, Margarea, & Solandt, 1936), and 
Darrow (1950) argues powerfully for 
subcortical influences upon the human 
cortical alpha rhythm. 

Other researchers, on the other hand, 
expect EEG indices to be related to 
higher mental processes. There is no 
reason to assume that the bioelectro- 
chemical events which produce alpha in 
the insect, in the sympathetic nerv- 
ous system of the cat, and on the 
cortex of man have the same signifi- 
cance for mental functioning. It may be 
that EEG waves have different neural 
implications depending upon the kind 
of nervous cell in which they appear: 
in other words, brain waves in higher 
neural centers may reflect activity of a 
more advanced biological process than 
similar waves which appear in lower 
neural centers. In this view, brain 
waves recorded from higher level tissue 
may be related to the psychological 
functions which are vested in that tis- 
sue. If this argument is reasonable, and 
we believe it to be, then it is also 
reasonable to expect that cortical alpha 
and beta waves may be related to 
human intelligence. 


Relationships between EEG and Test 
ntelligence in Mental Defectives 


ang lationship between EEG. indices 
were Poa in mental defectives 
and ] rst reported by Berger (1933) 
19309, ia by Kreszer (1937, 1938, 
(1936) nes and Kreezer and Smith 
efforts aa 37). These early pioneering 
the relation primarily concerned with 
(MA) an onsi between mental age 

various properties of the 


alpha rhythm, a problem which con- 
tinues to be a focus of research effort. 
In one of the more statistically and 
methodologically sound of these studies 
Kreezer (1936b) found significant posi- 
tive relationships between MA and 
occipital alpha index? in Mongolian 
idiots, and in phenyl pyruvic amentias. 
A positive relationship between alpha 
frequency and MA was also found in 
familial defectives. A later paper 
(Kreezer & Smith, 1950) virtually rep- 
licated the relationship between alpha 
frequency and MA in familial defec- 
tives (7 = .323, p < .06, df = 34). In 
general, these findings are in agreement 
with the other reports by Berger, 
Kreezer, and Kreezer and Smith cited 
above. 

Recently a number of European 
studies have confirmed Berger’s and 
Kreezer’s findings of relationships be- 
tween defective intelligence and alpha 
frequency. A review by Netchine (1959) 
referred to studies by Bernhard and 
Skoglund (1939), who used imbeciles 
as subjects, and Gunnarson (1945), who 
studied Mongolian idiots. Both of these 
reports concluded that mental defec- 
tives show a slower alpha frequency 
than normal subjects of the same age. 
Novikova (1956) compared normal sub- 
jects, from 9 to 16 years old, with 


2Standard EEG terminology is employed 
throughout this paper. Thus “delta frequency” 
refers to any rhythm of 3 cps or slower; 
“theta frequency,” 4-7 cps; “alpha fre- 
quency,” 8-13 cps, and “beta frequency,” 
18-30 cps. The term “frequency” is also 
ordinarily used in the sense of comparing 
rhythms within a frequency band: for ex- 
ample, a person whose alpha frequency 1S 
nearer to 8 than to 13 cps is said to evidence 
a slow alpha frequency. The term ‘index’ 
(delta, theta, alpha, or beta index) refers to 
the percentage of time a particular frequency 
is present over the entire course of an EEG 
record. The term “amplitude” refers to the 
height of the EEG waves of any given 
frequency. 


134 WILLIAM VOGEL AND DONALD M. BROVERMAN 


feebleminded subjects of the same 
chronological age (CA) who were 
graded down to the lowest mental lev- 
els. She found that slower alpha fre- 
quencies are associated with lower MAs 
at the lower mental levels. 

Reports issuing from other labora- 
tories, however, have generally not con- 
firmed Berger’s and Kreezer’s findings 
of relationships between alpha index 
and mental defective intelligence. Rahm 
and Williams (1938) reported an ab- 
sence of significant relationships be- 
tween occipital alpha index and MA in 
a group of unselected feebleminded 
adults ranging from 1 to 9.8 years MA. 
Their results may be attributed to the 
heterogeneous nature of their sample in 
regard to kind and degree of mental de- 
ficiency, age, sex, etc. Netchine (1959), 
citing a finding by Corriol and Cain 
(1949), stated that they did not ob- 
serve any relationships between MA 
and alpha index (in a group of feeble- 
minded children) except before the pe- 
riod of puberty. 

Finally, Lindsley (1938) reported no 
significant differences in regard to either 
occipital alpha index or occipital alpha 
frequency between mental defectives 
and normals matched for age, but the 
number of subjects involved was small 
(four deficients and four normals). 

The above studies focused principally 
on the relationship between intelligence 
and EKG indices derived from occipital 
recordings, In a highly suggestive study, 
Netchine, Talan, Lairy, and Zazzo 
(1959) demonstrated that although the 
correlations between MA and occipital, 
parietal, rolandic, and frontal alpha fre- 
quency were all significant, occipital 
alpha frequency provided lower corre- 
lations with MA than did measures of 
alpha frequency which were obtained 
from the parietal, rolandic, or frontal 
leads. Unfortunately, the conclusiveness 
of the Netchine et al. study is uncer- 


tain, since no information was given in 
regard to the steps taken to control for 
chronological age: in the age range 
sampled in their study (14-28 years), 
the effect of age upon EEG is com- 
monly conceded to be considerable. 

Netchine et al. (1959) and Netchine 
and Netchine (1962) have attempted 
to break with the traditional depend- 
ence upon frequency bands and to de- 
rive novel EEG measures which quan- 
tify complex EEG relationships from 
various regions of the brain. Netchine 
et al. (1959) reported that one complex 
EEG pattern which they were able to 
quantify (based on alpha index and 
frequency-band scatter) characterized 
50% of low-grade feebleminded sub- 
jects and 0% of high-grade feeble- 
minded subjects. Netchine and Netchine 
(1962), employing another EEG index 
based upon alpha rhythm and an am- 
plitude measure, again successfully dif- 
ferentiated high- and low-grade feeble- 
minded subjects, and also differentiated 
feebleminded subjects who showed even- 
tual improvement in mental ability 
from feebleminded subjects who did 
not. 

Two studies have investigated the re- 
lationship of defective intelligence to 
clinically diagnosed EEG abnormalities 
rather than to indices such as alpha 
frequency or alpha index. Gibbs, Rich, 
Fois, and Gibbs (1960) studied 1,118 re- 
tarded persons with an IQ of 80 or less, 
none of whom had epilepsy or cerebral 
palsy. They reported that the incidence 
of EEG abnormality was highest in 
those whose IQ was 60 or less. In a 
study comparing the EEGs of high- and 
low-grade mental deficients, Beckett, 
Bickford, and Keith (1956) found that 
low-grade deficients evidenced more 
records with dysrhythmia under rest 
conditions, and more records with a 
paroxysmal response to photic stimula- 
tion. However, the data presented by 
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Beckett et al. seem to fall short of sta- 
tistical significance. 

The weight of the evidence, then, 
supports the proposition that a signifi- 
cant relationship exists between intelli- 
gence and various aspects of EEG func- 
tioning (especially occipital alpha fre- 
quency) among feebleminded persons, 
particularly at the lower ranges of 
feeblemindedness. The findings of 
Netchine et al. (1959) and Netchine 
and Netchine (1962) suggest that 
highly significant relationships might 
well be obtained throughout the range 
of feeblemindedness by employing elec- 
trodes from areas other than the oc- 
cipital, and by using overall indices 
which combine measures of frequency, 
amplitude, and patterning. 


Relationships between EEG and Test 
Intelligence in Children 


The studies cited in this section em- 
ployed children of normal intelligence 
although Knott, Friedman, and Bards- 
ley (1942); Aird and Cohen (1950); 
and Netchine and Lairy (1960) also 
included small samples of mentally de- 
ficient children in order to study the 
full range of intelligence. 

Three studies have reported on the 
relationship between occipital alpha 
frequency and intelligence in children. 
There are wide differences between the 
studies in regard to age, range of in- 
telligence, and presence or absence of 
neuropsychiatric complaints. These sam- 
pi differences may account for the 
a of agreement in results, illustrated 
elow, 

B ee positive relationship be- 
te Aen alpha frequency and in- 
Byea se was obtained in a group of 
fra r-old children whose IQs ranged 

m 30 to 171, b i 4 
12-year-old , but not in a group of 
to 153 (Kn whose IQs ranged from 56 
1942), Boe. Friedman, & Bardsley, 

positive and negative sig- 


nificant relationships between alpha fre- 
quency and intelligence have been re- 
ported by Netchine and Lairy (1960) 
in a sample of 209 children who pre- 
sented neurological complaints, but who 
were found to be free of brain damage 
or serious emotional disorders, and who 
ranged in intelligence from defective 
through superior. The correlation be- 
tween occipital alpha frequency and in- 
telligence at age 5-6 years was —.34; 
at age 7-8 years, .20; at age 9-10, 
30; at age 11-12, 38 (all correlations, 
except that at age 7-8 years, are sta- 
tistically significant). Thus, the rela- 
tionship between intelligence and oc- 
cipital frequency was significantly nega- 
tive at the younger age levels and then 
became increasingly positive as age in- 
creased. Finally, no statistically signifi- 
cant relationships between intelligence 
and occipital alpha frequency in chil- 
dren of normal intelligence who ranged 
from 5 to 11 years of age, were found 
at any l-year age level by Henry 
(1944). 

Lindsley (1938) reported no sig- 
nificant relationships between occipital 
alpha index or pattern of occipital 
alpha waves with intelligence, in nor- 
mal children 10-14 years of age. 

Two studies reported significantly 
negative relationships between slow 
rhythms (delta or theta) and intelli- 
gence in children. In a study of the 
relationship between intelligence an 
delta index from both central and oc- 
cipital areas in children of normal in- 
telligence who ranged from 8 to 11 
years of age, Henry (1944) found sig- 
nificant inverse correlations between 
amounts of precentral delta and intelli- 
gence at ages 9 and 10, and between 
amount of occipital delta and intelli- 
gence at age 9. The data of Netchine 
and Lairy (1960) strongly suggested 
negative relationships between intelli- 
gence and the amount of theta present, 
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at each 1-year age level from 5 through 
12 years. 

The degree of EEG abnormality in 
cerebral palsied “children” ranging from 
1 to 21 years in age, and in intellectual 
level from the lowest grades of feeble- 
mindedness through the superior range, 
was investigated in a study by Aird and 
Cohen (1962). They reported no sig- 
nificant relationship between intelli- 
gence and EEG abnormality in the 
overall sample. It is unclear from their 
report how intelligence was evaluated 
at the younger age levels. 

It is noteworthy that each of the 
three studies reporting Statistically sig- 
nificant relationships between EEG and 
test intelligence (Henry, 1944; Knott 
et al., 1942; Netchine & Lairy, 1960) 
used samples at different age levels, but 
held age within each sample constant. 
On the other hand, the two studies that 
did not report significant relationships 
employed subject samples that were 
comparatively heterogeneous in regard 
to age. Lindsley’s ( 1938) subjects, for 
instance, ranged from 10 to 14 years, 
while the subjects in Aird and Cohen’s 
(1950) study ranged in age from 1 to 
21 years. This strongly suggests that 
EEG-test intelligence relationships in 
children are obscured if CA is not held 
constant. When CA is held constant, 
however, IQ becomes perfectly corre- 
lated to MA, since IQ = MA/CA x 
100. Thus, it would seem that EEG is 
related to MA rather than to IQ in 
children. In this case, the results of the 
studies with children are consistent with 
those on mental defectives; that is, re- 
lationships between EEG and MA were 
found in both sets of studies. 

Theoretically, it seems plausible that 
MA, more than IQ, should relate to 
EEG functioning, since MA reflects the 

absolute level of mental ability of an 
individual, whereas IQ reflects the level 
of mental ability of an individual rela- 
tive to his chronological age. In this 


sense, MA is a better reflection of the 
absolute level of mental activity (and 
presumably brain functioning) than is 
IQ. 


Relationships between EEG and Test 
Intelligence in Normal Adults 


Six studies have reported on the re- 
lationships between alpha frequency 
and intelligence in adults. Of these, 
three found no significant relationships 
(Biesheuvel & Pitt, 1955; Gastaut, 
1960; Shagass, 1946); two studies 
(Mundy-Castle, 1958; Mundy-Castle & 
Nelson, 1960) reported positive, sig- 
nificant relationships; and one study 
reported a significant negative relation- 
ship (Sugarman, 1961). Except for the 
Mundy-Castle and Nelson (1960) study 
which employed adult subjects of whom 
half had less than normal intelligence, 
these studies employed adult subjects 
of at least average mental ability. 

This vast disparity in the results of 
studies of the relationship between 
alpha frequency and adult intelligence 
poses obvious problems. Mundy-Castle 
(1958) has provided a possible solution 
in his discussion contrasting findings 
of significant positive relationships be- 
tween alpha frequency and adult in- 
telligence to the lack of relationship 
found between these variables by Sha- 
gass (1946) and Biesheuvel and Pitt 
(1955). He noted that he alone used the 
Wechsler-Bellevue test to measure in- 
telligence. The correlations between the 
Wechsler-Bellevue and other measures 
of normal adult intelligence (Wechsler, 
1944) indicate considerable variance 
unique to each type of intelligence test. 
Therefore, alpha frequency may be sig- 
nificantly correlated with the Wechsler, 
and the Wechsler significantly corre- 
lated with the other intelligence tests, 
without alpha frequency being corre- 
lated with tests of intelligence other 
than the Wechsler. In sum, Mundy- 
Castle’s (1958) argument is that alpha 
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frequency in normal adults is differ- 
entially correlated with particular as- 
pects of intellectual functioning, which, 
in turn, are differentially measured by 
various intelligence tests. Of the three 
studies reported since Mundy-Castle’s 
(1958) argument was presented (Gas- 
taut, 1960; Mundy-Castle & Nelson, 
1960; Sugarman, 1961) only Mundy- 
Castle and Nelson employed the Wechs- 
ler, and once more a significant positive 
relationship between alpha frequency 
and total intelligence test score was ob- 
tained. Mundy-Castle (1958) believes 
that such relationships may be at- 
tributable to nonintellective (or tem- 
permental) electrophysiological compo- 
nents of intelligence. 

In contrast with the wide range of 
results obtained with alpha frequency, 
no studies reported significant relation- 
ships between test intelligence and alpha 
index (Gastaut, 1960; Mundy-Castle, 
1958; Sugarman, 1961) or between test 
intelligence and alpha amplitude (Gas- 
taut, 1960; Sugarman, 1961). 


Relationships between EEG and Test 
Intelligence in Older Persons 


In a comprehensive review of the lit- 
erature on EEG in old age, Obrist and 
Busse (1962) noted relationships be- 
tween EEG slowing and intellectual de- 
terioration. However, the majority of 
the studies reviewed by Obrist and 
Busse employed psychiatric judgments 
or rating scales to categorize intellec- 
ga _ ones Only those studies 
te aN employed standard psychometric 

i will be discussed here. 

Ps which employed samples con- 
Ditalized large part or entirely of hos- 
dicate th geriatric men and women in- 
evidence at subjects with normal EEGs 
test Senne inant higher intelligence 
with =| than subjects of the same 
usse, & a slow EEGs (Barnes, 
Busse B Tiedman, 1956; Silverman, 
» Parnes, Frost, & Thaler, 1953). 


On the other hand, a study of non- 
hospitalized geriatric men and women 
(Busse, Barnes, Friedman, & Kelty, 
1956) found no IQ differences between 
groups of subjects of the same mean 
age with normal versus abnormal (focal, 
slow, or mixed) EEGs. Similarly, Thaler 
(1956) found that the age-corrected 
Wechsler-Bellevue Form I (WBI) IQs 
of nonhospitalized, aged men and 
women with normal and focal EEGs 
were not significantly different from 
similar subjects with diffuse slow and 
mixed EEGs. However, although the 
four EEG groups in Thaler’s study did 
not differ in age, the total weighted 
scores, uncorrected for age, of the nor- 
mal and focal EEG groups were signifi- 
cantly higher than those of the slow 
and mixed EEG groups. 

The hypothesis that different EEG- 
intelligence test relationships are ob- 
tained in geriatric samples depending 
upon whether hospitalized or nonhos- 
pitalized subjects are employed was 
tested by Obrist, Busse, Eisdorfer, and 
Kleemeier (1962). In two institutional- 
ized samples, but not in a noninstitu- 
tionalized sample, subjects with diffuse 
slow activity evidenced significantly 
lower Full Scale, Verbal, and Perform- 
ance raw scores on either the WBI or 
the Wechsler Adult Intelligence Scale 
(WATS) than did subjects with normal 
EEGs. However, since there was sig- 
nificant variation in the ages of sev- 
eral of the institutionalized subgroups, 
Obrist et al. concluded that their post- 
tive results might be attributable to 
age, independent of EEG type. 

The relationship between alpha fre- 
quency and test scores was also investi- 
gated by these authors. One institu- 
tionalized sample evidenced significant, 
positive correlations between alpha fre- 
quency and Verbal, Performance, and 
Full Scale row scores; and the other 
institutionalized group evidenced posi- 


tive correlations between alpha fre- 
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quency and Performance raw scores. No 
significant relationships were found in 
the noninstitutionalized group. When a 
correction was introduced for age and 
arteriosclerosis, it was found that the 
positive relationship between alpha fre- 
quency and IQ existed only in a hos- 
pitalized arteriosclerotic sample. Conse- 
quently Obrist et al. concluded that the 
relationships between EEG indices and 
intelligence in their geriatric samples 
were attributable to variations in health 
status of the subjects. In a review ar- 
ticle Obrist and Busse (1962) cite fur- 
ther evidence for such a view; however, 
Thaler (1956) found relationships be- 
tween EEG and intelligence in a nor- 
mal group of geriatric subjects. 

Despite an extensive literature on the 
EEGs of geriatric subjects no one has 
yet reported an investigation relating 
EEG to intelligence in a geriatric sam- 
ple with adequate controls for age, 
health, and estimated pregeriatric intel- 
lectual level. Such a study is badly 
needed, in part to control for individual 
differences in aging. In addition, al- 
though each of the above studies in- 
cluded both male and female subjects, 
none of the studies investigated the ef- 
fect of sex on the correlation between 
EEG and intelligence. 

The same disparity between mental 
ability and IQ previously observed in 
the studies of children is also present 
in the geriatric studies. When intelli- 
gence test scores uncorrected for age 
are used as intellectual indices, abso- 
jute mental ability is being assessed; 
however, when test scores are age cor- 
rected, IQ is being assessed. The two 
phenomena are not comparable. As with 
children and feebleminded persons, men- 
tal ability seems to be more closely re- 
lated to the EEGs of geriatric persons 
than is IQ. 

The studies of geriatric patients have 
frequently confounded mental ability 
and CA, as have some studies of chil- 


lren. A negative correlation between 
d a j 


CA and mental ability usually exists in 
geriatric persons. Hence, when a geri- 
atric sample includes subjects whose 
ages span a number of years, CA and 
mental ability are confounded. To con- 
trol for this effect, geriatric studies 
might compare samples of homogeneous 
age (persons 60-61 years of age, 64-65 
years, etc.) rather than just compare 
samples of similar mean age. Relation- 
ships between test intelligence and EEG 
would then be solely a function of men- 
tal ability. 


Relationships between EEG and Test 
Intelligence in Persons with Organic 
Brain Disease 


The relationships between EEG dis- 
turbance and intellectual disturbance 
in persons with organic brain disease 
has been investigated by Greenblatt, 
Levine, and Atwell (1945); Hoed- 
maker and Murray (1952); and Silver- 
man and Harris (1954). Each study re- 
ports significant positive relationships. 
However, these studies will not be 
evaluated here since in each case the 
index of intellectual disturbance was 
based on a complex judgment of dis- 
turbance of cognitive functioning, rather 
than on just standardized intelligence 
test performances. 

Two studies have been reported in 
which EEG disturbance in patients 
with organic brain damage has been re- 
lated to performance on the Ravens 
Progressive Matrices. A Ravens mean 
IQ of 100 in epileptics without diffuse 
dysrhythmia, as opposed to a mean IQ 
of 89 in subjects with diffuse dys- 
thythmia, has been reported by Vislie 
and Hendriksen (1958). Hill (1952) 
reports that Rey, using the 
Matrices, the Mill Hill Vocal 
the Wechsler Bellevue, found 
injured persons with 
had lower Verbal than Performance 
scores, unlike brain-injured patients 
with nonparoxysmal EEGs. 

Strong evidence for the existence of 


Progressive 
bulary, and 
that brain- 
paroxysmal EEGs 
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EEG correlates of specific mental abili- 
ties is provided in a study by Klove 
(1959), who found that brain-damaged 
patients with EEG disturbance over 
the right hemisphere had significantly 
higher WBI Verbal than Performance 
scores. Brain-damaged patients with 
EEG disturbance over the left hemi- 
sphere had significantly higher Perform- 
ance than Verbal scores. In addition, 
although there were no differences in 
the Full Scale raw scores, the left hemi- 
sphere disturbance group had signifi- 
cantly higher Performance raw scores 
than the right hemisphere disturbance 
group, but significantly lower Verbal 
raw scores. The two groups had been 
roughly equated for age, education, and 
sexual composition. 

Kooi and Hovey (1957) report a 
study in which epileptics were simul- 
taneously administered intelligence tests 
and EEGs; disturbances in higher in- 
tegrative mental processes were signifi- 
cantly associated with concomitant par- 
oxysmal activity. Earlier (1955) they 
reported associations between parox- 
ysmal EEGs and particular intelligence 
test abnormalities. 


Studies of Frequency Pattern Vari- 
ability 
: Studies of the relationship between 
intelligence and “frequency pattern 
variability” (i.e. the range of fre- 
quencies evidenced in the EEG record 
of an individual in a given time sam- 
ple) have produced markedly conflict- 
Ngee Walter (1953) suggested 
E intelligent persons would show 
a variability than unintelligent 
Tee lon produced little evidence to 
Wilcott k his hypothesis. Ellingson, 
sided he ee and Dudek (1957) 
ad Suite EEG records of 27 male 
lation Po adults and found no corre- 
ability oma frequency-pattern vari- 
Talan, Tairy 2. However, Netchine, 
a heh t » and Zazzo (1959) found 
gh negative correlation (—-76) be- 


tween IQ and frequency-pattern vari- 
ability in a group of 30 adolescents and 
adults (aged 14-28 years) who were 
below normal intelligence. Given the 
ages of their subjects, however, it seems 
likely that Netchine et al. may have 
capitalized on EEG variability that 
might be as justifiably attributed to 
CA as to intelligence. 


Discussion 


Two major conclusions may be drawn 
from this review of EEG-test intelli- 
gence relationships. First, the bulk of 
the studies with feebleminded subjects, 
children, institutionalized geriatric sub- 
jects, and brain-injured adults have re- 
ported significant EEG-test intelligence 
relationships. However, with the ex- 
ception of Mundy-Castle (1958) and 
Mundy-Castle and Nelson (1960), the 
investigators who have studied normal 
adults have not found significant rela- 
tionships between test intelligence and 
EEG tracings. It appears, then, that 
relationships between EEG and test in- 
telligence are most evident in subjects 
who have either relatively undeveloped 
intellectual function (i.e children; 
feeble-minded subjects) or deteriorated 
intellectual function (brain-damaged 
and institutionalized geriatric subjects). 

Second, it seems likely that EEG 
tracings in children, feebleminded, and 
geriatric subjects are related to abso- 
lute mental ability, or MA, rather than 
1Q. 

That so many significant findings 
have been reported is, in a sense, SUr- 
prising, since a number of methodologi- 
cal problems exist which, potentially, 
could obscure existing intelligence-E 
relationships. Each of these methodo- 
logical issues will be discussed below. 

The Measurement of Intelligence. The 
reviewed studies indicate that relatively 
more attention has been accorded to 
problems in the measurement of EEG 
than to issues involved in the measure- 
ment of intelligence. While it is com 
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monly assumed that mental abilities 
reach their peak and then plateau in 
early adulthood, evidence exists that 
increments in absolute levels of mental 
ability continue for a considerable pe- 
riod beyond early adulthood. Bayley 
(1955), for example, has argued that 
if appropriate measuring instruments 
are used, the continuous development 
of absolute levels of mental ability can 
be demonstrated throughout the first 
50 years of life. Christian and Pater- 
son (1936) have shown that particular 
verbal skills continue to increase up to 
age 60 or even 70. To the extent that 
this view of intellectual development is 
correct it becomes increasingly impor- 
tant to obtain subjects of the same age 
whenever intelligence is studied in 
adult and elderly subjects, as well as 
in children. It is worth noting that in 
the studies in which the relationship 
between EEG and test intelligence is 
most ambiguous, that is, those studies 
employing normal adults, no attempt 
was made to experimentally vary age, 
and in only two of the six studies was 
an attempt made to control for possible 
effects of age (Gastaut, 1960; Mundy- 
Castle & Nelson, 1960). On the other 
hand, where age has generally been con- 
trolled or experimentally varied (i.e., 
in studies of children, mental deficients, 
and to a lesser extent impaired geriatric 
subjects), the nature of the relationship 
between EEG and test intelligence is 
relatively clearer. 

The work of Garrett (1946), Guil- 
ford (1959), and Werner (1948) on 
the development of intelligence may 
additionally clarify the results obtained 
in investigations of the relationship be- 
tween EEG and test intelligence. Gar- 
rett (1946) has demonstrated that 
whereas intelligence is a relatively uni- 
tary phenomenon in young children, it 
becomes increasingly differentiated dur- 
ing adolescence into a number of rela- 
tively independent factors. Guilford’s 


work suggests that the differentiation 


of intelligence continues into adult- 
hood. He reports that 50 intellectual 
factors are currently known in adult 
intelligence, and argues that as many 
as 70 more may be isolated in the fu- 
ture. Garrett’s and Guilford’s results 
are compatible with Werner’s (1948) 
who posits that a salient aspect of de- 
velopment is increasing differentiation. 
Werner, in addition, regards feeble- 
minded adults, impaired aged persons, 
brain-damaged persons, and children as 
evidencing a structurally similar lack 
of differentiation of cognitive processes. 
If Garrett, Guilford, and Werner are 
correct, then any given test should be 
a fairly accurate index of intelligence 
for persons who evidence a lack of dif- 
ferentiation of cognitive faculties (chil- 
dren; feebleminded, brain-damaged, or 
impaired geriatric subjects). These sub- 
jects should perform similarly across a 
wide range of tests, thus increasing the 
likelihood of a significant correlation be- 
tween any given measure of intelligence, 
and any other variable which may be 
related to intelligence (such as EEG). 
On the other hand, a given test would 
reflect only a very narrow band of the 
total intellectual spectrum in a cogni- 
tively differentiated adult. A normal 
adult would score very differently on 
particular tests depending upon which 
aspects of intelligence were measured 
by the tests, and depending upon his 
special mental skills. Consequently, the 
correlations of any particular measure 
of adult intelligence with any other 
variable (such as EEG) would show 
wide variation across individual adults 
and individual tests. In short, this argu- 
ment supports Mundy-Castle’s explana- 
tion of the wide disparity of results ob- 
tained in studies of EEG and test in- 
telligence relationships in adults, when 
different intelligence tests are used. 
Placement of Leads. Most of the 
studies reviewed here have used only 
occipital leads. However, while numer- 
ous theorists have thought that higher 
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intellectual functions in humans are lo- 
calized in the frontal, temporal, or 
parietal lobes, few have argued that the 
occipital lobes play a dominant role in 
intellectual functioning. It is true that 
Lashley (1929) demonstrated, at least 
in lower animals, that all parts of the 
brain are important in intellectual func- 
tioning (“mass action”); however, 
Werner (1948) argues that mass action 
is an attribute of low phylogenetic and 
ontogenetic development. Weinstein and 
Teuber’s work (1957) suggests that the 
occipital lobes in adults are relatively 
uninvolved in intellectual functioning, 
at least as measured by one standard 
intelligence test. Testing healthy, nor- 
mal soldiers prior to subsequent brain 
injury, and again after recovery from 
injury, and comparing these “before 
and after brain injury? measurements 
with test measurements on a normal 
control group, Weinstein and Teuber 
concluded that left parietal or temporal 
injury leads to the greatest intellectual 
loss, and frontal and occipital injury 
the least intellectual loss. Weinstein and 
Teuber’s conclusion is supported in part 
by the work of Netchine et al. (1959) 
who, as we have seen, found that the 
highest correlations appeared between 
nonoccipital EEG measurements and 
intelligence, and that the correlations 
between occipital EEG measurements 
and IQ were the lowest of all. In this 
regard it is noteworthy that occipital 
EEG has been most successfully related 
to intelligence in those classes of sub- 
Jects whose cognitive functions (and 
ran hly whose brain function) were 
the the y undifferentiated, at least from 
Maes point of view of Werner 
2 n;  feebleminded, brain-dam- 
Sed, and impaired geriatric subjects) 

Conditions ES p J 4 
of the studi of EEG Recording. Each 
lationships ae reviewed investigated re- 
an EEG t “inka test intelligence and 
physical aken when the subject was 
; y at rest and mentally inac- 
tive, and per ‘i 

i perhaps also during some other 


standard EEG conditions. With the ex- 
ception of the study of Kooi and Hovey 
(1957), none of the studies employed 
conditions involving intelligent behav- 
ior; that is, none required subjects of 
varying degrees of intellectual ability 
to solve intellectual problems while the 
EEG was being taken. The question 
may be asked, why should the EEGs of 
persons differing in intelligence vary 
under conditions in which nothing is 
done to stimulate or activate those dif- 
ferences in intelligence? The principle 
that behavior in any instance is a func- 
tion of personality traits interacting 
with stimulus conditions is no longer 
new in psychology. The same principle 
is, in fact, well accepted in electroen- 
cephalography. It is accepted, for ex- 
ample, that epilepsy may not be re- 
vealed in an EEG unless the specific 
conditions to which the pathological 
brain tissue is especially sensitive are 
present; it is for this reason that a 
myriad of activating techniques have 
come into use (Schwab, 1951). Unfor- 
tunately, this same degree of sophisti- 
cation has not been applied to investi- 
gations of the relationships of EEG 
tracings to test intelligence. 

This is not to argue that the EEGs 
of persons who differ in intelligence 
should not differ under rest; there is, 
as shown above, evidence that they do 
differ (although the strength of the evi- 
dence varies in differently defined sub- 
ject samples). It is suggested, however, 
that such EEG differences are more 
likely to become accentuated and ap- 
parent under conditions which require 
intellectual activity than under condi- 
tions which do not encourage active 
thought. This argument is not entirely 
new; similar suggestions have been put 
forth by Knott (1940) and by Lairy 
(1960). 

Sex. Kreezer (1939a) demonstrated 
significant differences between male and 
female mental deficients in alpha fre- 
quency and alpha amplitude; Obrist 
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and Busse (1962) and Mundy-Castle 
(1962) noted that mean alpha frequen- 
cies were reliably faster among aged fe- 
males than among aged males; Obrist 
and Busse (1962) noted that aged fe- 
males render more EEG fast activity 
than aged males; Mundy-Castle (1951) 
reported that theta and beta were pres- 
ent to a significantly greater extent in 
young females than in young males; 
Golla, Hutton, and Walter (1943) re- 
ported differences in alpha activity be- 
tween males and females although they 
did not offer statistical proof; and 
Smith (1954) reported significant dif- 
ferences between the EEG records of 
males and females. The great majority 
of studies which have investigated 
EEG-intelligence test relationships em- 
ployed both males and females in the 
same subject sample. However, little 
has been done, excepting Kreezer’s 
(1939a) early investigation, to deter- 
mine how sex differences affect the cor- 
relation between EEG and test intelli- 
gence: Kreezer’s work showed marked 
differences in the relationship between 
EEG and test intelligence in female 
compared to male mental deficients. 

EEG Indices. The American studies 
reviewed here have generally limited 
their investigations of test intelligence- 
EEG relationships to some aspect of the 
(occipital) alpha rhythm, although slow 
waves (delta, theta) have also been 
studied, especially by those who have 
worked with geriatric samples. That this 
concern with the traditional frequency 
bands might not be the only appropri- 
ate approach to this problem was first 
recognized by Knott (1940), and later, 
Brazier (1952, 1953). Subsequently, 
some European investigators have uti- 
lized complex EEG indices which are 
composites of different aspects of the 
EEG (Netchine & Lairy, 1960; Net- 
chine & Netchine, 1962; Netchine et 
al., 1959; Walter, 1953). The results 
of these studies indicate that the use 


of such indices is a most promising 


methodology in investigations of the 
relationship of EEG and test intelli- 
gence. In addition it would seem worth- 
while to relate intelligence to aspects of 
kappa waves, which appear to be tem- 
poral EEG waves which are prominent 
during intellectual activity. The litera- 
ture on kappa through 1955 has been 
reviewed by Ellingson (1956). 

With the exception of the Sugarman 
(1961) and Netchine and Lairy (1960) 
studies, in every case in which test in- 
telligence has been found to be related 
to EEG frequencies, low intelligence 
was associated with slow alpha fre- 
quencies and the presence of the slower 
EEG rhythms (delta and theta). Con- 
versely, higher levels of intelligence 
were found associated with the faster 
alpha frequencies and an absence of the 
slow delta and theta rhythms. This 
suggests that attention might profitably 
be directed at the still faster beta 
waves, which typically occur while the 
organism is mentally or physically ac- 
tive. In any case, there is considerable 
evidence that electrocortical activity 
and mental activity are positively cor- 
related. The hypothesis deserves fur- 
ther scrutiny that the EEG may be 
related to a physiological process un- 
derlying human intelligence. 
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prived of linguistic experience during the forma- 
de a unique opportunity to psychologists con- 
relationship. Empirical studies of 
bal cognitive tasks were reviewed. 


Deaf people who are de; 
tive years seem to provi 
cerned with the language-cognition 
deaf people’s performance on nonver' 


Deaf were found to perform similarly 
been assumed a priori to benefit the 


to weaken a theoretical position which 
general, or decisive influence on intel- 
formance of the deaf on some tasks 
d to either lack of general experience which 
dulthood or to specific task conditions which 


verbal knowledge could have 
hearing. Such evidence appears 
attributes to language a direct, 


lective development. The poorer per 


is parsimoniously attribute 
is no longer manifest by a 
favor linguistic habits. 


One of the most intriguing problems 
which falls within the domain of the 
Psychological investigator is the rela- 
tionship of language to cognitive or 
intellective development. In general, 
Psychologists have not critically ex- 
amined this relationship and have been 
Content with speculative or anecdotal 
evidence. It was James (1890) who re- 
marked that it mattered little in which 
medium thinking was going on and he 
oe biographical recollections as 
2 ; ence that thought processes were de- 

eloped in a deaf person before English 

e been learned. Somewhat later Binet 
er Simon (1905) made similar in- 

ences from Helen Keller’s and Laura 
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to hearing persons on tasks where 


Bridgman’s outstanding achievements in 
spite of their being both blind and deaf 
from early childhood. Reliable empirical 
studies, however, on the proposition 
that development of language and of 
thinking are relatively independent 
processes were lacking. Under the im- 
pact of behaviorism and the modern ap- 
proaches to verbal learning and verbal 
mediation on the one hand and the stress 
on oral language learning of deaf chil- 
dren on the other hand, the opposite 
proposition has been implied, if not 
explicitly stated. It is easy to find quo- 
tations similar to the following in al- 
most any modern psychological account 
of cognitive development: 


Skill in concept formation is closely linked 
to the acquisition of language, particularly to 
labelling. After he has learned the apr or 
labels applied to objects or events, a chil B 
likely to react in the same way to all stimu 
having the same labels. This is known, as 
verbal mediation or mediated generalization. 
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Numerous experiments demonstrate that such 
mediation is of paramount importance „in 
concept formation, problem solving, thinking 
and learning [Mussen, 1963, p. 37]. 


At another point, Mussen, citing as 
partial evidence research of Soviet psy- 
chologists, suggests that language grad- 
ually “becomes the most important 
mediator and regulator of behavior [p. 
45].” 

With regard to the deaf, the above 
mentioned observations of James and 
Binet were actually exceptions to the 
majority of past and present opinions of 
lay and professional people in a twofold 
sense. First, the deaf persons mentioned 
were certainly not average and were 
cited more to show what is possible than 
what commonly happens. Secondly, the 
authors who quoted them sought em- 
pirical illustration for their viewpoint 
on the relative independence of language 
and thinking. In contrast to this view- 
point writers on deaf people generally 
tended to consider these two phenomena 
quite closely related. The view that the 
deaf child or adult is cognitively dif- 
ferent from and inferior to the hearing 
person even in nonverbal complex learn- 
ing tasks because he lacks the free use 
of language is not only congruent with 
the common notion of a deaf and dumb 
person, but seems also in accord with 
more sophisticated ideas about the 
deaf. Moreover, it is still common to 
cite deficient verbal performance of the 
deaf as evidence for their conceptual 
deficiency, although it should be rather 
obvious that the use of verbal tasks 
with deaf persons is less a test of their 
intelligence than of their verbal skill. 

It seems therefore appropriate to re- 
view experimental studies on the non- 
verbal cognitive functioning of deaf 
people, both for the general reasons by 
which psychologists study any special 
group within human society and for 
special theoretical implications about 
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language and thinking. As an introduc- 
tion there follows first some preliminary 
remarks about the life history of deaf 
people and classifications of terms rela- 
tive to language and thinking. The main 
body of this article reviews studies in- 
volving complex learning tasks which 
can be considered closely related to 
conceptual ability and intelligence. 
Afterwards two sections on memory and 
visual perception complete the survey 
of nonverbal cognitive studies. Finally, 
the author proposes a tentative theo- 
retical position about the influence of 
language on intelligence and considers 
further implications from the reviewed 
studies of the deaf as well as additional 
suggestive evidence from language learn- 
ing of hearing children. 


SOME OBSERVATIONS ABOUT 
DEAF PEOPLE 


As the deaf person is perhaps the 
least known and understood of persons 
with a physical handicap, it is hardly 
surprising that little attention has been 
paid to him by scientists who were ex- 
pressly concerned with language and 
cognition. It is, however, the considered 
judgment of this author that no in- 
vestigator in this area of interest can 
afford to neglect the presence of persons 
in our society who have been minimally 
exposed to the linguistic environment 
during their developmental period and 
who appear to go about the business of 
living—apart from relatively minor 
social idiosyncracies—in much the same 
way as other persons. 

Most deaf people have been born 
to hearing parents. Young deaf children 
not only do not know the spoken lan- 
guage of their society, but in general 
the level of verbal or gestural ome 
munication in which they are able to 
engage with their parents, teachers, and 
peers is of the most primitive and 
limited kind. Only after they enter 
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special schools for the deaf do they 
receive consistent instruction in lan- 
guage, by reading and writing, and by 
lip reading and speaking. If one ob- 
serves these children in the primary 
grades, one concludes that their ordi- 
nary life and play are not strikingly 
different from that of other children 
their age. They are apparently normal 
children growing up in a society and 
culture which is intimately bound up 
with language despite the fact that they 
themselves have had minimal direct ex- 
posure to the all-pervading linguistic 
environment. A number of questions, it 
would seem, are raised as the behavioral 
scientist observes these children. How 
has language deficiency affected the 
Cognitive development of these children? 
Have they organized their experiences 
on meaningful perceptual and con- 
Ceptual bases? Do they manifest the 
beginnings of logical reasoning? Can 
they recall things, observe relevant as- 
pects of a whole, and can they form 
theoretical judgments? 

As for the deaf adult, we may notice 
that they use formal signs, gestures, and 
manual spelling to converse with each 
other, A typical male adult may be em- 
Ployed as a semiskilled worker on an 
assembly line, be married to a deaf 
wife, and have hearing children. His 
mastery of English is quite poor, with 
reading level not above Grade 3; and 
a ong and lipreading are so limited 
hae be of little functional value on 

wy tg Note that in contrast to 
leva ae with a similar reading 
tutes get written English consti- 
n ceiling of this deaf person’s 
entona, a of language. The con- 
tomarily sign language, which is cus- 

F e not taught in schools for the 
childhood AY acquired during later 
People an pans from other deaf 
for Various it is used rather effectively 

social purposes. Deaf adults, 


who are as thoroughly “at home” in 
English as any hearing person, either 
lost their hearing after the establish- 
ment of language or do not have so 
serious a hearing loss as to be justifiably 
classified among the deaf, or finally, 
they are rare exceptions. 

For all practical purposes, the typical 
deaf person, whether child or adult, is 
a language-deficient person both in his 
present functioning and in his past 
experience. Even though we may accept 
the conventional sign language of the 
deaf as a “true” language and the adult 
deaf may employ it for everyday com- 
munication, it still remains true that 
only some deaf children of deaf parents 
—a small minority of all deaf people— 
learned these signs before age 6. This 
peculiar status with respect to language 
makes the deaf a unique experimental 
subject for clarifying the influence of 
language on cognition. 


MEANING OF TERMS 


Definition of some terms used thus 
far is already overdue. Language refers 
to the living language as heard and 
spoken in our society. Knowing a lan- 
guage means mastery of a particular 
language so that its structure and 
ordinary vocabulary are implicitly 
understood and employed by a person. 
In this sense a 4-year-old child knows 
his mother’s tongue and so does an 
adult who has an IQ of 40. Deaf per- 
sons are called deficient in language 
precisely because they do not have 
readily available a verbal medium in 
which they can communicate. 

While overt language or mastery of 
language is easily defined, the term 
language is sometimes used in a sense 
in which it is difficult to observe its 
presence or even clearly conceptualize 
its meaning. Covert or inner language 
is a case in point. It is quite difficult 
to observe and it is even more difficult 
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TABLE 1 
NONVERBAL COGNITIVE STUDIES WITH THE DEAF 


Performance of deaf compared to hearing 


Task and age Author 
Not inferior Inferior 
Conceptual-abstract 
ANANE Templin, 1950 Classification Analogies 
5-7 Oléron, 1957 Spatial Alternation 
7212 Furth, 1961a Same, Symmetry Opposite 
4-7 Oléron, 1962 E Same, Different 
16 Kates, Yudin, & Tiffany, 1962 Strategies : 
7-17 Stafford, 1962 s Discovery | 
8-13 Ewing, 1942; Oléron, 1949; Seifert, 1960 1938 Matrices 
4-12 Smith, 1952; Farrant, 1964 1947 Matrices 
fi 
Trae Hoefler, 1927; McAndrew, 1948; Shifting 
Oléron, 1951 
8-12 Rosenstein, 1960 Shifting 
5-7 Oléron, 1957 Transposition 
5,7,13 Russell, 1964; Youniss, 1964 Reversal shift 
69 Furth & Youniss, 1964 Reversal association 
6-8 Vincent, 1957 Transfer 
Adult Furth, 1963a Concept level Mediated transfer 
Adult Furth, 19642 Transfer disjunction 


rtin: 
a Heider & Heider, 1940 Color sorting 
16, Adult Kates et al., 1961, 1962 Object sorting 
Knowledge of classes 
8 Vincent, 1959 Classification 
8,12 Rosenstein, 1960 Classification 
8, 16 Furth & Milgram, 1965 Classif., 16 yrs. Classif., 8 yrs. 
6-14 Furth, 1963b Concept control 
Piaget-type Pre 
5-8 Borelli, 1951 Seriation . 
7-17 Oléron & Herren, 1961; Furth, 1964b Conservation 
8 Bradshaw, 1964 Transitivity 
Practical intelligence 
6-12 Chuillat & Oléron, 1955 Manipulatory 
5-7 Oléron, 1957; Seifert, 1960 Manipulatory 
Memory 
-1 Blair, 1957 Nonspan Span 
14, Adult Olsson, 1963 Design span Digit span 
8-11 Doehring, 1960 Spatial 
6-12 Furth, 1961b 


Rote, 6-10 yrs. Rote, 11-12 yrs. 


Visual perception 
8-10 
7-10 


Myklebust & Brutten, 1953 


McKay, 1952; Hayes, 1955; Larr, 1956 


Organicity-type 


8, 14 Furth & Mendez, 1963 


Organicity-type 
Gestalt laws 


to define. It can mean—and really 
should mean nothing else but—silent 
verbal language. However, at times, the 
term inner language is used to cover 
practically the whole domain of cogni- 
tive or symbolic behavior and then it is 
obviously impossible to use it as an 
explanatory scientific construct. 

Terms like concept and symbol are 
highly ambiguous and potentially con- 
fusing. Language behavior may coincide 
with conceptual and symbolic behavior, 
but not necessarily. A person pronounc- 
ing nonsense words or words in a lan- 


guage unknown to him engages in 
verbal but not in symbolic behavior. 
A child may understand the word “‘suf- 
ficient” as a verbal symbol within a 
restricted verbal context but have a 
very inadequate concept of its meaning. 
On the other hand, one may have an 
adequate concept of what is expressed 
by the word “money” yet be unable 
to define it in verbal terms. 

The term intelligence has never been 
satisfactorily defined so as to find broad 
acceptance among psychologists, but it 
is obviously related to conceptual and 
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symbolic behavior. Intelligence is here 
understood as the ability to perform 
complex learning tasks. These tasks are 
commonly concerned with discovering a 
relevant aspect of the total stimulus 
situation or with behavior controlled 
by a rule which may be symbolized and 
verbalized through a generalized concept. 

While it is readily admitted that in 
everyday life verbal language is usually 
connected with behavior covered by the 
above terms, two points should be 
equally obvious. First, language can be 
conceptually separated from intelli- 
gence; secondly, in cases where lan- 
guage is given an explanatory or indis- 
pensible role in intellective development, 
such a position amounts to a major 
theoretical assumption. It is here sug- 
gested that any theory of cognition 
which invokes language as an explana- 
tory variable should be tested against 


the behavior of deaf children and 
adults. 


CONCEPTUAL TASKS WITH 
ABSTRACT MATERIAL 


_ An overview of the majority of studies 
1S presented in Table 1 in the order in 
which they are discussed in the body of 
the article. The sections correspond to 
headings in the text and are there ex- 
plained. Besides giving the age level of 
ria gi employed in the studies, the 
ast two columns of Table 1 indicate 
the nature of the task and the relative 
oe of deaf and hearing sub- 
N at should be noted that by the 
icant Nurse ai studies nothing 1S 
Cutvern but the minimal use and re- 
+ taal of verbal behavior In in- 
of Seces ENES, or as criterion 
caven ean conceptual tasks can be 
ploying ate Gassie into those em- 
materials atively meaningless artificial 
blocks a such as geometrical designs, 
» etc., and those which use mean- 


ingful material, familiar from everyday 
life for which verbalization may be 
readily available. The stimulus material 
of the first group is referred to as 
“abstract” insofar as relevant stimuli 
are treated as isolated dimensions in 
distinction from the latter group which 
treats stimuli as concrete objects. In 
both these situations the emphasis of 
the experiment may be on the discovery 
aspect or on the use a person makes of 
a principle he is assumed to know. 
These rough distinctions will allow a 
more orderly presentation of research 
by starting with concept discovery 
studies employing abstract material and 
proceeding to tasks emphasizing concept 
shift and transfer. 


Concept Attainment 


Studies under this heading have as a 
major task requirement the discovery 
of a relevant principle (i.e., a concept) 
according to which success can be 
achieved. Templin (1950) employed 
the Brody Nonverbal Abstract Reason- 
ing Test together with other tasks 
which used a verbal procedure to test 
hypotheses about the influence of deaf- 
ness or residential schooling on reason- 
ing in children. The Brody test was 
divided into classification and analogy 
subtests. On the classification problem, 
subjects had to identify one of five 
figures which did not belong; on the 
analogy items, they had to select from 
multiple-choice alternatives the figure 
which had a relationship to the third 
figure analogous to that of the second 
to the first. With chronological age rang- 
ing from 10 to 20 years, and with an N 
of 106 and 56 for the main comparisons 
of residential and day schools, respec- 
tively, hearing and deaf groups were 
matched on a one-by-one basis. Templin 
found no differences between hearing 
and deaf subjects on the classification 
task, but on the analogy task the deaf 
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were below the hearing, particularly 
the residential deaf. The interpretation 
of this latter result is somewhat shaky 
because of the uncertainty that the 
severely deaf understood the instruc- 
tions. Templin (1950) believed that the 
results, in general, indicated equality of 
reasoning ability between deaf and 
hearing “as long as the general type of 
reasoning measured is one with which 
the subjects are familiar.” 

Oléron of France is one of the few 
psychologists to show a continuing in- 
terest over the years in the cognitive 
development of deaf children and in 
theoretical implication for the language- 
cognition relationship. In 1957 he 
published a major monograph which 
examined deaf children’s performance 
on nonverbal types of cognitive tasks 
which were hypothesized as possibly 
benefiting from language. In Chapter 4 
of this monograph, Oléron (1957) re- 
ported his observation with 33 deaf 
children, aged 4-7, on tasks of what he 
called temporal and spatial order. The 
temporal task was a double and a triple 
alternation problem on which the deaf 
were about 2 years behind hearing 
children. On the discovery of a spatial 
order no difference between deaf and 
hearing children emerged. From these 
results, Oléron argued in a post hoc 
fashion that alternation tasks probably 
require use of symbols (i.e., language) 
to a greater degree than do spatial-order 
tasks although there was no a priori 
reason to assume that one task required 
symbols less than the other. 
` Furth (1961b) studied the attainment 
of three concepts with the expectation 
that lack of language would not handi- 
cap deaf children in discovering the 
principles of Sameness or Symmetry 
but would do so in attaining and using 
the concept of Opposition. Results sup- 
ported the expectation: on the first 
two concepts no consistent difference 
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emerged, while on Opposition, deaf were 
poorer than hearing children at all age 
levels, 7 through 12. Deaf children’s 
inferiority on one specific concept was 
predicated upon the assumption that 
verbal language by the constant use of 
opposites gives the hearing children an 
advantage over the deaf. This seemed an 
appropriate example of what Vygotsky 
(1962) called pseudoconcepts, created 
through linguistic usage. By this is 
meant behavior, mostly verbal, which 
gives the impression of mastery of a cer- 
tain concept, but which under close 
scrutiny turns out to be mainly deter- 
mined by frequent linguistic associa- 
tions. Thus, a child may use the word 
“sufficient” in many correct contexts but 
when urged to distinguish “full” from 
“sufficient” he may reveal his relative 
ignorance of the mature concept. In the 
same way it is not likely that the 7-year- 
old children of this experiment really 
mastered the concept of opposite, but it 
is more reasonable to suppose that their 
test performance was helped by thorough 
familiarity with their mother tongue. 

Consistent with the above results was 
a study by Oléron (1962) reporting no 
appreciable differences between deaf and 
hearing children on learning tasks based 
on the concepts of Sameness or Differ- 
ence. Comparing performance of 38 deaf 
and 38 hearing children, aged 4-7, with 
stimulus-discrimination objects of shape, 
object, color, weight, size, or speed, 
Oléron observed that from age 5 onward 
a majority of both groups of children 
succeeded. 

Kates, Yudin, and Tiffany (1962) 
studied attainment of conjunctive con- 
cepts by 30 seniors at the Clarke School 
for the Deaf. The deaf seniors were 
paired in two ways with hearing con- 
trols: on IQ and age or on IQ and 
scholastic achievement. The materials 
were cards illustrating various combina- 
tions of four attributes grouped in an 
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orderly or random fashion and six 
concepts were chosen as focus cards for 
six different problems. Deaf and hearing 
subjects were found to proceed by 
use of similar strategies and no other 
differences emerged from among a great 
number of comparisons made except 
that deaf subjects took more time in 
making a first choice. 

Stafford (1962) paired 29 deaf stu- 
dents, aged 6-17, with hearing controls 
and presented them with 12 nonverbal 
discovery problems in increasing order 
of complexity. Unfortunately the study 
is not reported in sufficient detail. The 
summarized results mention superiority 
of hearing subjects on number of prob- 
lems solved and trials to criterion per 
problem solved except that the older 
deaf required less trials than the hear- 
Ing successful subjects. 

Three investigations in three different 
countries used Raven’s 1938 Progres- 
sive Matrices individually on a large 
number of deaf students: Ewing and 
Stanton (1943) in England, Oléron 
(1949, 1950) in France, and Seifert 
(1960) in Germany. Only Ewing used 
ke ea control group while the others 
hr on Raven’s tentatively established 
i ns. All three investigators found 

a only a small percentage of subjects 
reen 6 and 11%) fell into the two 

e-average categories (25% ex- 
P while between 15 and 27% 
ese in the lowest subnormal category 
Be pecan 5 Ewing explained part 
Sieh findings on the basis that 
these s for the deaf invariably have 
an children than normal 
i one rom which defective children 
Oléron re commonly excluded. While 

considered the results as evi- 


deng 
e fi h 
or a developmental retardation 


in de u 
that = children, Seifert pointed out 
UP to €r age 12 the deaf seem to make 


a 
Sreat extent for the develop- 


mental retardation shown at earlier 
ages. 

Smith (1952) presented the Colored 
Progressive Matrices to all younger 
pupils (V = 28, age 4-10) enrolled at 
a school for the deaf and found that 
they performed similar to published 
norms: but the 30 older pupils, tested 
on the adult version of the test, showed 
a lower mean score than the norms. 
Farrant (1964) compared 120 deaf or 
hard-of-hearing subjects between the 
ages of 8 and 12 witha hearing control 
group on a battery of tests which also 
included the Colored Progressive Mat- 
rices. In his factor-analytic treatment 
of the data, the author observed that 
the deaf were retarded on all verbal 
tests and on some tests of figural 
reasoning but they were not different 
from the hearing on the Raven test. 


Concept Transfer 

The ability to classify same objects 
successively under two or three different 
aspects has long been regarded as a 
mark of intelligent, abstract behavior. 
In particular, rigidity in shifting was 
considered indicative of aphasic or gen- 
eral cognitive dysfunction. Four studies 
have been directly concerned with the 
problem whether nonspeaking deaf 
people are in this one respect of rigidity 
alike to aphasic patients. Hoefler (1927) 
presented the Weigl Sorting Test to 30 
deaf school children and observed that 
only four shifted spontaneously from 
one sorting category to another. Mc- 
Andrew (1948) in a restructuring situa- 
tion employed various degrees of social 
pressure to have his subjects, ranging 
in age from 9 to 15 years, change their 
previous principle of classification. Only 
4 out of 24 deaf students changed while 
all the normals easily succeeded in 
doing so. Oléron (1951, 1953) worked 
with a somewhat older age group (mean 
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age 15) and gave training trials with 
blocks and transfer trials with drawings. 
Differences between deaf and hearing 
were not as marked as with the two 
former investigators. Yet more hearing 
subjects shifted spontaneously to a third 
sorting on the transfer task but the deaf 
responded easily to suggestion, hence, 
there were few total failures to shift on 
their part. The order of shifting, ob- 
ject, color, number, was predominant 
among the hearing but no one order 
was characteristic for the deaf. Oléron 
interpreted the deficiencies in terms of a 
lack of subordination of perceptive ele- 
ments to conceptual condition or of less 
differentiation of possible relevant per- 
ceptual aspects. These characteristics 
were thought to be due to general lack 
of linguistic habits and not at all related 
to any aphasiclike rigidity. 

Rosenstein (1960) employing the 
Wisconsin Card Sorting Test with 8-12 
year old deaf children found no differ- 
ences at all between his 60 deaf and 
60 hearing control subjects as measured 
by total errors, number of concepts at- 
tained, or perseverative errors. Other 
investigators cited in this and sub- 
sequent sections also used shifting as 
part of their experimental procedure in- 
sofar as any transfer design requires 
shifting. They likewise failed to observe 
any particular shifting difficulty in deaf 
subjects. 

In Chapter 3 of his monograph, 
Oléron (1957) reported on transposi- 
tion tasks which he gave to deaf chil- 
dren since a number of earlier studies 
had suggested that language ability 
may be a decisive determinant in such 
tasks. Transfer tasks were devised for 
size alone, size with form changed, 
weight, and speed. On the first three 
tasks no differences were observed be- 

tween the performances of 4-7 year old 
deaf and hearing children. On the speed 
task, results were inconsistent with the 
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deaf, apparently poorer in one but better 
on a second measure. In spite of the 
small number of subjects, Oléron’s 
major conclusion was that attainment 
and use of relation is not adversely 
affected by deafness and its concomitant 
language deficiency. 

In order to fit complex learning 
processes into a behavioristic model 
verbal mediation has been postulated 
as a crucial variable. It was suggested 
that verbal mediation was related to the 
performance of reversal as compared 
to nonreversal learning on the grounds 
that presence of a mediator facilitated 
reversal but absence made reversal more 
difficult than nonreversal shift. Insofar 
as the mediator is conceptualized as 
verbal in nature, deaf as compared to 
hearing children may be handicapped 
on tasks in which verbal mediation is 
presumed to operate because of this 
impoverished linguistic experience. The 
following two studies tested the reversal- 
nonreversal paradigm with deaf chil- 
dren. Russell (1964) replicated a ņe- 
versal study of Kendler and Kendler 
(1959), and Youniss (1964) employed 
an extended design of two shift stages. 
In both studies there were no differ- 
ences between hearing and deaf children 
on reversal shift performance. The con- 
clusion to be drawn here from these 
studies would suggest that mediated be- 
havior is not to be too readily identified 
with verbal behavior, and that lack of 
early linguistic experience does not 
retard such behavior (cf. Youniss & 
Furth, 1963). 

Within a different context, Furth and 
Youniss (1964) studied paired-associate 
learning of color and colored objects 
under reversed and control condition 
in 6- and 9-year-old children. For ex- 
ample, in the reversed condition, sub- 
jects had to learn such associations as 
fire truck-white? and “refrigerator- 
red”; while in the control condition, 
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“blue” and “brown” were substituted for 
“white” and “red,” respectively. It was 
observed that hearing but not deaf sub- 
jects’ performance was significantly 
worse in the reversal condition. Far 
from being “perceptually bound” the 
deaf apparently paid less attention to 
the color of the objects and hence were 
not as much hindered when the natural 
colors were reversed as were the hearing. 

Michéle Vincent (1957), another 
French investigator who has published 
several psychological articles on deaf 
children, gave deaf children, aged 6-8 
years, the task of discovering succes- 
sively three different principles of sort- 
ing and finally a series of mixed items 
without correction as measure of trans- 
fer of the previously learned principles. 
The main results showed that deaf 
children were about 1 year behind 
hearing children: They performed more 
Poorly on the discovery task of at- 
taining color and size while disregarding 
form and on the final transfer task. 
However, they were not considered to 
exhibit special difficulties in the shifting 
aspect of the task. Vincent interpreted 
her results in Piaget’s framework and 
pointed out that language should not be 
Considered the exclusive way of passing 
from perceptive to intellectual processes 
even though as a habit it may facilitate 
this transition. 

Dohring (1960a) presented some 
observations on color-form attitudes of 
deaf as compared to hearing children. 
His hearing subjects ranged in age from 
4 to adult years and he found, against 
expectation, that age had no appreciable 
influence on the proportion of form- 
Preferred choices on a color-form task 
in which either choice could reasonably 
be made. At the 8-year level there were 
58% form choices for hearing boys and 
66% for girls, while only 36% and 
53% of form-preferred choices, respec- 
tively, were registered by deaf subjects. 
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Furth (1963a) performed a transfer 
experiment which had a bearing on 
linguistic habits and level of concept 
attainment. College students made four 
different kinds of shifts after a first con- 
cept-attainment task involving a dis- 
junctive concept. It was found that per- 
formance on the second task was in 
direct relation to a possible verbaliza- 
tion of a rule for the first task; yet if 
the nature of the disjunctive concept 
had been mastered during the first task, 
any of the four subsequent shifts would 
have been equally easy. Only one shift 
did not benefit from the verbalization 
and, in fact, the performance of the 
hearing college students on this shift 
was poorest. Deaf college students were 
equal to hearing students on this shift; 
they were, however, poorer on the other 
three shifts presumably because the 
deaf did not benefit from linguistic 
habits. Where linguistic habits did not 
help, namely, on the fourth task, the 
hearing students showed a level of con- 
cept attainment not above that of deaf 
students. ; 

To test the hypothesis that experi- 
ence may be a sufficient determinant 
for the development of intellectual 
capacities and that deaf adults may 
have made up their possible initial ex- 
periential deficiency by simply living 
an adolescent and adult life, Furth 
(1964a) devised a series of nonverbal 
transfer tasks which were aimed at 
incorporating the following three con- 
trols deemed necessary for use with 
deaf adults: completely nonverbal pro- 
cedure, initial training to assure under- 
standing of instruction, and perform- 
ance of some logical operation which 
differentiates adult persons of above 
and below average intelligence. Two 
sorting tasks were designed and were 
presented as eight conceptual problems. 
Problems 6 and 7, the critical problems, 
were shift tasksin which already familiar 
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elements were sorted into various con- 
junctive and disjunctive combinations. 
On such tasks the more intelligent hear- 
ing group performed better than the less 
intelligent group. Apparently, intel- 
ligence was related to the ability to 
benefit on the critical problems from 
the foregoing training tasks. The com- 
parison of deaf and hearing control 
groups showed remarkable similarity in 
terms of trials to criterion, number of 
errors, Or proportion of successes. It 
should be added that this study for the 
first time employed deaf adults aged 
20-50 years who constituted a sample 
of typical noncollege working people. 


CONCEPTUAL TASKS WITH 
CONCRETE MATERIAL 


There are four sections under this 
heading. Common to these is the use 
of stimulus material that is familiar 
from everyday life and in this sense the 
stimulus situation can be called con- 
crete. The first two sections deal with 
free sorting and with knowledge of 
classes, respectively, the third is devoted 
to problems taken from Piagets in- 
vestigations and finally the last section 
deals with problems of practical intel- 
ligence. 


Sorting 

Heider and Heider (1940), as some 
investigators before and after them, con- 
sidered the possibility that deafness af- 
fects cognitive behavior in a way typical 
of aphasic patients. Interest in this 
question is understandable and is bound 
to come up repeatedly because of the 
exterior similarity of speech and lan- 
guage defect in deafness and aphasia 
and because of the presence of the 
poorly diagnosed multiple-handicapped 
child ‘in schools for the deaf. Heider and 
Heider required deaf and hearing chil- 
dren at various age levels to select from 
many blocks of different hues those = 
were similar to certain standard colors. 
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On such a task, aphasic subjects typi- 
cally select only an exact match and 
reject similar hues as being different. 
The deaf children in this experiment 
performed in an opposite fashion, that 
is, they selected a wider band than 
hearing controls, a result which is more 
related to a younger chronological age. 
However, differences in number of in- 
stances chosen, although fairly con- 
sistent over all age levels, were small 
and permitted the assertion that the 
performance of the deaf children was 
quite similar to hearing subjects and 
quite incongruent with aphasic behavior. 

Kates, Kates, Michael, and Walsh 
(1961) and Kates, Kates, and Michael 
(1962) employed the Goldstein-Scheerer 
Sorting Test, a task which was also 
originally designed to probe into cogni- 
tive processes affected by aphasic con- 
ditions. The authors, as before (Kates, 
Yudin, & Tiffany, 1962), worked with a 
matched sample of deaf seniors and 
two control groups and an additional 
group of adult alumni from the Clarke 
School for the Deaf. While the authors’ 
main concern was a comparison of non- 
verbal and verbal classificatory behavior 
and some expected differences were 
found in verbal performance, no differ- 
ences were observed on nonverbal per- 
formance. In this respect the deaf cate- 
gorized familiar objects at a level com- 
parable to their peers under free and 
more structured sorting conditions and 
they manifested as much flexibility and 
acceptable range of choices, Generaliza- 
tion from these results is only limited 
by the fact that the deaf subjects were 
a select group and uniformly well above 
average ability and linguistic achieve- 
ment as compared with the average deaf 
person. 


Knowledge of Classes 


These studies were nonverbal versions 
of the familiar Similarity test of the 
type: “In which way are . , T . 
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alike?” Vincent (1959) obtained norms 
for young children on a task in which 
they had to group familiar objects and 
afterwards were required to verbalize 
the reason for their choice. When she 
observed the grouping behavior of 
8-year-old deaf children she found their 
performance on the level of 6-year-old 
hearing children. Rosenstein (1960) 
employed a paired-associate procedure 
of three lists of five pictures each, illus- 
trating five different concepts. Attain- 
ment of concepts was inferred by im- 
proved performance on Lists 2 and 3. 
Deaf and hearing subjects showed 
similar improvement and the author 
considered these together with earlier 
mentioned results as evidence that deaf 
children do not consistently exhibit 
conceptual restriction or reduced ability 
to think abstractly. Furth and Milgram 
(1965) reported on a picture similarity 
task with 8- and 16-year-old deaf sub- 
jects in comparison with normal and 
in addition subnormal subjects who also 
verbalized to it and were given the task 
in verbal form. The nonverbal task of 
interest to this discussion had 20 dif- 
ferent problems. On each problem a 
subject had to select three out of seven 
pictures presented that shared a com- 
mon attribute. The younger deaf chil- 
dren were found to make more errors 
than their hearing 8-year-old peers with 
their performance being comparable to 
that of 6-year-old children while the 
deaf adolescents succeeded as well as 
their counterparts. The authors, relying 
on evidence from the results with the 
Subnormal group, suggested as probable 
Source for their deficient classificatory 
ehavior not lack of language but rather 
the experiential restriction of deaf chil- 
dren’s early life resulting from the lack 
oF language. Results with the older 
Stroup were cited as additional demon- 
stration that no lasting conceptual 
deficit was present in deaf children. 

In order to observe classificatory be- 


155 


havior under the control of one concept, 
Furth (1963b) collected normative data 
on a pictorial choice task of which the 
major source of difficulty was the con- 
sistent selection of two pictures illustrat- 
ing the part-whole concept in spite of 
the presence of other reasonable choice 
possibilities. The term “verbal control” 
has often been employed in connection 
with increased cognitive control of the 
growing child (cf. Luria, 1957; Mussen, 
1963). If a readily available language 
influenced controlled behavior, deaf 
more frequently than hearing children 
should make more incorrect, percep- 
tually-bound choices. Comparison of the 
performance of deaf and hearing sub- 
jects over all age levels revealed, how- 
ever, a close correspondence between 
their scores. Moreover, results indicated 
that over an age span of from 6 to 
14 years intelligence contributed sig- 
nificantly to a better performance of 
hearing subjects on the part-whole task, 
age contributed to a smaller degree, and 
success in verbalizing the concept hardly 
at all. Since presence versus absence of 
the verbal label on this and other con- 
ceptual tasks was observed to be ir- 
relevant to success, the author suggested 
“conceptual control” as a more ap- 
propriate and more inclusive term for 
a performance which is under the con- 
trol of an internal principle rather than 
verbal control. 


Piaget-Type Tasks 


Piaget’s theoretical model of cognitive 
development and his basic biological 
position on intelligence as being rooted 
in overt action would suggest that the 
growth of intelligent, logical operation 
is not dependent on but rather reflected 
in language behavior. In line with this 
reasoning, it could be predicted that 
deaf would not differ from hearing 
children with respect to the age of 
which logical operations emerge. Within 
such a theoretical framework, Michéle 
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Borelli Vincent (see Borelli, 1951) tested 
children of between 5 and 8 years in 
half-year steps on their ability to place 
first manikins and then sticks along a 
size continuum and finally to place the 
matching elements of both series in 
correspondence under various condi- 
tions. Success on such tasks was con- 
sidered by Piaget as an indication that 
the child is beginning to use the number 
concept in a logical manner. Vincent 
observed only a slight retardation of 
about 6 months in her deaf subjects, as 
compared to hearing subjects. She con- 
cluded that these deaf children exhibited 
no fundamental difference in logical 
elementary capacities and that the 
beginnings of logical Operations are 
largely independent of language. She 
speculated further that probably with 

operation at a more formal level of 

logical thought these conclusions may 

not hold. 

Deaf children’s performance on some 

of Piaget’s familiar conservation prob- 

lems was tested by Oléron and Herren 

(1961). Rightly arguing that deaf chil- 

dren were handicapped if language was 

part of the experimental procedure, the 

authors devised a series of pictures 

which were learned by their subjects, 

designed to serve as equivalents of the 

verbal responses “heavier,” “same,” 

“lighter” for the conservation of weight 
and “more,” “less” for the conservation 
of volume. After training with these 
pictures, the age at which 50% of 
hearing succeeded on the weight prob- 
lem was 8.5 and with the quantity of 
liquid problem was 10.5. Corresponding 
age levels for deaf subjects were about 
6 years later. While Oléron admitted 
that the retardation of 6 years need not 
be taken in an absolute sense he be- 
lieved that Piaget’s theory does not 
emphasize sufficiently the role of lan- 
guage in the emergence of logical be- 
havior, particularly in the subordina- 
tion of perceptual to conceptual con- 


ditions. 
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As the possibility existed that the use 
of pictorial symbols introduced an ex- 
traneous difficulty for deaf subjects 
which was mainly responsible for 
Oléron’s results, Furth (1964b) rep- 
licated the conservation experiment. He 
modified the pretask procedure by 
training his subjects first to express a 
judgment of equal weight by a hori- 
zontal hand movement and indicate 
judgment of heavier by moving down- 
ward the hand holding the heavier ob- 
ject. Two clay balls were used, trans- 
formed before their eyes, and put back 
into their hands. The lowering of the 
hand on the critical trials indicated a 
wrong judgment since the object was 
merely the transformation of a former 
object. After observing responses of 
8-year-old deaf children it was dis- 
covered that their final performance was 
not like 8-year-old hearing children in 
Grade 3 but more like 6.5-year-old 
children in Grade 1. A qualitative in- 
vestigation of failures, however, re- 
vealed that many more 8-year-old deaf 
children made hesitant and inconsistent 
responses than 6-year-old hearing chil- 
dren. This was interpreted as a possible 
clue that the older deaf children felt 
uncomfortable about the response and 
were really closer to the correct solu- 
tion than a mere summary of failures or 
successes would indicate. Evidence from 
other sources (Goodnow, 1962; Lovell 
& Ogilvie, 1961) is cited which cor- 
roborates the view that kind of experi- 
ence with the physical world rather than 
language or formal training determines 
in part the age at which children pass 
from a perceptual to a logical judgment 
on many Piaget-type experiments, 

Bradshaw (1964), in a study of in- 
ferential reasoning of size relation, used 
nonverbal methods with hearing and 
deaf children, aged 6 and 8 years. His 
procedures were divided into preopera- 
tional and two concrete-operational 
tasks. The results demonstrated that 
the older hearing children differed from 
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the younger on the latter but not the 
former tasks, and that the 8-year-old 
deaf children performed more like 6- 
year-old children on the sequential but 
were equal to their peers on the simul- 
taneous operational task. The author 
pointed out that the average inferiority 
of the deaf group may have been as- 
sociated with their lower socioeconomic 
status. 


Practical Intelligence 


Chuillat and Oléron (1955) reported 
the results of a series of six experiments 
based on a standardized test of practical 
intelligence by Rey. They observed that 
tasks which were easy to solve for hear- 
ing children, aged 6-7, were difficult or 
insolvable even with help from the ex- 
perimenter for the deaf school children 
in an age range from 5 to 12. Such a 
striking inferiority in practical intel- 
ligence was not replicated in a second 
study (Oléron, 1957, Ch. 2) in which 
deaf children, aged 5-7, solved a manip- 
ulatory problem quantitatively and 
qualitatively very much like hearing 
children of their age. While Oléron in 
explaining the first results had recourse 
to factors such as understanding of 
instructions, personal initiative and lan- 
guage habits in structuring a task, the 
present finding seemed to him to con- 
tradict a rigid theory which linked lan- 
guage and practical intelligence. 

Seifert (1958) observed that a sample 
of 80 deaf children were as skilled as 
their hearing peers in manual dexterity 
in cutting out figures and bending wires 
according to a given copy. 


Tasks OF MEMORY 


Blair (1957) compared the perform- 
ance of two groups of 53 deaf and hear- 
ing children, aged 7-12, on visual tasks 
of immediate memory: Knox Cube, 
memory for design, object location, and 
four different span tasks. Only overall 
aes scores were presented with age 
evels collapsed. While the two groups 


did not differ on object location, deaf 
subjects were superior on Knox Cube 
and memory for design but consistently 
inferior to hearing subjects on the span 
tasks. The author suggested that such a 
performance pattern may be character- 
istic for the deaf child’s visual memory 
as a compensatory effect for his audi- 
tory deficiency. Doehring (1960b) failed 
to observe any notable difference be- 
tween hearing and deaf children, aged 
8-11 on a memory task for spatial loca- 
tion under various conditions of delay, 
interference, and exposure times. 

Olsson (1963) tested adolescent and 
adult subjects on visual span tasks and 
observed the following results: on visual 
nonsense figures, deaf and hearing sub- 
jects, in general, performed alike on 
simultaneous and successive presenta- 
tion of nonsense figures; on visual 
digits, however, deaf subjects were 
poorer than hearing subjects at both 
age levels. Moreover, when recall of 
figures of low and high associations was 
compared, deaf subjects against ex- 
pectation improved as much as hearing 
subjects on high association figures. 
This similarity between deaf and hear- 
ing subjects with figures of high and 
low association value would seem to 
demonstrate that a deficient memory 
performance on the part of the deaf 
cannot simply be due to their verbal 
deficiency. Otherwise one would have 
expected that a high verbal association 
value would be of less facilitation to 
deaf than to hearing subjects. The dif- 
ferences in the performance on digits 
were interpreted as manifesting the 
particular effects of continual practice 
of hearing individuals to a much greater 
degree than deaf persons in recalling 
digits (e.g-, telephone). | z 

Nafn (1959) mentioned pertinent 
research published in German journals 
and books for teachers of the deaf. This 
research, Naffin noted, demonstrated a 
marked superiority of the deaf child’s 
visual memory in certain specific situa- 
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tions which were characterized by a 
perceptual poverty or simplicity. . 

Furth (1961b) presented a paired- 
associates task with four visual color 
stimuli and two motor responses. A 
comparison of total errors yielded no 
differences on this rote performance 
between hearing and deaf children aged 
7-10, but superiority of hearing sub- 
jects aged 11 and 12. 


Tasks OF VISUAL PERCEPTION 


Myklebust and Brutten (1953) used a 
series of visual perception problems: 
marble board, figure-ground, pattern re- 
production, and perseveration. These 
tasks like others mentioned earlier, 
originally designed to observe behavioral 
disturbances in brain damage, were 
employed to investigate the possibility 
of organicity-like disturbances in deaf 
children. The authors reported that 
their deaf subjects, aged 8-10, per- 
formed significantly different from their 
hearing controls on a number of tasks: 
they made more errors in reproducing 
marble patterns present before their 
eyes, in two out of five problems they 
required more exposure time to succeed 
in reproducing patterns of dots, and a 
greater number of deaf subjects gave 
background rather than foreground re- 
sponses in one out of five items in the 
object series and three out of five items 
in the design series. No statistical dif- 
ferences between deaf and hearing 
groups emerged on reproduction of line 
patterns and on perseverative after- 
effects with an ambiguous figure. The 
authors concluded that the results sup- 
ported their initial hypothesis of an 
organismic disturbance due to sensory 
deprivation in deaf children and that 
their perceptual inferiority is related to 
an impairment in abstract functioning. 

In view of these striking differences 
and sweeping implications it seemed 
important to replicate the above study. 
Larr (1956) performed this task with 
two independent groups of 25 deaf 


students each from the lower grades of 
two different schools for the deaf. The 
deaf groups were paired with a normal 
and subnormal control group. Larr’s 
results showed that the deaf subjects 
performed equally well on marble board 
reproduction. On the figure-ground task 
a greater proportion of deaf subjects 
gave background references than did 
either control groups. Such findings 
seem to weaken the evidence for a gen- 
eral perceptual disturbance in deaf 
children, particularly since two more 
investigations (Hayes, 1955; McKay, 
1952) also reported results not in agree- 
ment with those of Myklebust and 
Brutten. 

Furth and Mendez (1963) studied 
visual perception of figures which illus- 
trated some of the major principles of 
gestalt. Deaf and hearing subjects at 
two age levels (9 and 16 years) per- 
formed, in general, alike except that 
younger but not older subjects were in- 
ferior to hearing subjects on two prob- 
lems which called primarily for a dis- 
criminatory as opposed to a global 
approach. 


Dear PERSON’S PERFORMANCE ON 
Cocnitive Tasks 


The above summarized studies of 
deaf people’s nonverbal cognitive per- 
formance do not provide a unified pic- 
ture; in each topic discussed conflicting 
results were found. Some of the factors 
which may be responsible for this lack 
of agreement are rather obvious. Non- 
verbal procedures which are not uni- 
formly understood by subjects—non- 
cognitive motivational or emotional 
characteristics, feelings of insecurity in 
a problem situation with no verbal ex- 
planation, and other factors—may inter- 
fere with good cooperation. There is 
finally the ever present Personal bias of 
the investigator who either expects or 
does not expect to find differences in 
performance between deaf and hearing 
subjects and who according to this ex- 
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pectation selects the problems and 
methodological procedures. However, if 
these things are taken for granted as 
part of any human endeavor, there re- 
mains a considerable number of studies 
in which deaf subjects performed quite 
similarly to hearing subjects. These 
empirical results would be evidence for 
the assertion that the cognitive develop- 
ment and functioning of deaf people— 
outside of the realm of language—is not 
different from hearing people. 

One cannot ignore, however, these 
studies in which deaf subjects per- 
formed below the standard of hearing 
peers. Where such reported differences 
are reliable, the investigator is left with 
the task of explaining these deficiencies. 
In some cases, differences were expected 
and directly related to lack of linguistic 
experience (Furth, 1961b) and in some 
others this relationship was only ob- 
served post facto (Furth, 1963a, Olsson, 
1963). 

In other studies the relationship be- 
tween lack of language and present in- 
ferior performance of deaf subjects was 
more a matter of speculation than of 
observation (e.g., Furth, 1964b; Oléron, 
1951, 1957; Vincent, 1959). The danger 
of coming up with untestable hypotheses 
and of circular reasoning is rather ob- 
vious in the latter situation. Concerning 
the retarded performance of deaf chil- 
dren, even on some nonverbal tasks, 
Ervin and Miller (1963) cautioned 
wisely that other than linguistic factors, 
such as a great proportion of psycholog- 
ically or mentally abnormal or brain- 
damaged children in a deaf sample, may 
affect the results. They imply that one 
Should be wary about inferring some 
oe or indirect effect of language 
őr . other variables could just as easily 

. Detter explain an average deficiency 
with a deaf sample. 

In line with this reasoning the present 
author has on different occasions (Furth, 
1961a, 1964b; Furth & Milgram, 1965) 
Proposed that lack of language experi- 


ence may have a retarding effect on the 
individual child indirectly via lack of 
sufficient cognitive stimulation and mo- 
tivation. This possibility is more than 
mere speculation since it is common 
knowledge among workers in the field 
that deaf children rarely enjoy cogni- 
tive stimulation and social-emotional 
acceptance equal to hearing children 
(cf. Levine, 1960). Deaf children are, 
in fact, usually neglected children in 
some respects. After making this con- 
cession to language, it is suggested that 
this unfavorable set of environmental 
circumstances is remediable. A possible 
change in overall educational attitude 
could encourage the early use of non- 
verbal cognitive stimulation and learn- 
ing and thus could largely compensate 
for deficient linguistic skill. Such a hy- 
pothesis can be subjected to experi- 
mental testing, although the difficulty of 
executing this design is not under- 
estimated. 

An explanation of experiential de- 
ficiency would thus seem to be a parsi- 
monious one in understanding the 
results of a number of cognitive studies, 
particularly those in the sections on 
Knowledge of Classes and Piaget-Type 
Tasks which reported a lag of 1 or 2 
years between deaf and hearing young 
children. The fact that with increasing 
age less or no difference was observed 
by several investigators (Furth & Men- 
dez, 1963; Furth & Milgram, 1965; 
Seifert, 1960), or that with improved 
controls previously reported differences 
were no longer manifest (Rosenstein, 
1960; Larr, 1956), or that deaf adults 
who were not skilled in language per- 
formed as well as hearing adults on 
classification tasks involving rather dif- 
ficult conjunctive and disjunctive con- 
cept shifts (Furth, 1964a), would ap- 
pear to lend additional support to the 

egested explanation. 

a With the ‘indies in which deaf sub- 
jects performed at a level of hearing 
peers, the above mentioned argument 
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of Ervin and Miller may be turned 
around and one would seem to have 
empirical reasons for stating that, at 
least, linguistic skill or deficiency is not 
an important determinant of the par- 
ticular task at hand. While such studies 
may not be particularly enlightening as 
to deaf people’s intellectual functioning, 
they may be helpful in clarifying the 
status of some hypothetical constructs 
related to language, such as verbal 
mediation, symbol and concept forma- 
tion, concrete and abstract behavior, 
etc. Rosenstein (1961), discussing the 
literature on cognitive research in deaf 
children, has highlighted some of the 
confusion which stems from lack ofa 
clear terminology. Some of these points 
have been briefly touched upon during 
the discussion of specific research, for 
example, on transposition (Oléron, 
1957), reversal (Youniss, 1964), con- 
ceptual control (Furth, 1963b), logical 
operations (Borelli, 1951), verbal as- 
sociation (Olsson, 1963). 


IMPLICATION FOR THE RELATIONSHIP OF 
LANGUAGE AND INTELLIGENCE 


By generalizing the results of the 
studies summarized above and apply- 
ing them to a theoretical position on the 
influence of language on intellective 
development, the following is suggested: 
(a) Language does not influence intel- 
lectual deveolpment in any direct, gen- 
eral, or decisive way. (b) The influence 
of language may be indirect or specific 
and may accelerate intellectual develop- 
ment: by providing the opportunity for 
additional experience through giving 
information and exchange of ideas and 
by furnishing ready symbols (words) 
and linguistic habits in specific situa- 
oes this position it should follow 
that persons, deficient in linguistic ex- 
perience or skill (a) are not perma- 
nently or generally retarded in intel- 
lectual ability, but (b) may be tem- 
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porarily retarded during their develop- 
mental phase because of lack of suffi- 
cient general experience and (c) they 
may be retarded on certain specific 
tasks in which available word symbols 
or linguistic habits facilitate solution. 

When the question is raised: “How 
do deaf persons think, if not in lan- 
guage?” the person asking the question 
may understand by language any kind 
of symbolic or communicative behavior 
and thinking may include for him any 
internal activity related to intelligent 
behavior. However, language and intel- 
ligence are here taken in the specific 
sense in which they were first defined. 
Since there is general agreement that 
most of the learning studies reviewed 
could not be solved in the absence of 
symbolic activity, successful perform- 
ance on these tasks by deaf persons 
implies an efficient functioning of a 
symbolic system other than verbal. If 
the above question is then modified to 
read “What kind of symbols do deaf 
people use?” the author is doubtful 
that this kind of question lends itself to 
an empirical answer. A search for ex- 
planation of conceptual behavior in 
terms of symbols may lead closer than 
is realized to the impasse of the early 
introspectionists who were looking for 
the elements which make up thinking. 

In general, it should be understood 
that the social and cultural aspects of 
language have been taken for granted 
throughout this discussion and no spec- 
ulations about the role of language in 
creating and transmitting a culture are 
made. 

It is quite Possible, for instance, that 
a deaf person may act in a way which 
seems unintelligent to a hearing person, 
but the reason for his action may be in 
the deaf person’s different kind of ex- 
perience and information on which he 
premises his action. By the same token, 
it may well be that only by extensive 
perusal of verbal material a person can 
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be motivated and become directly inter- 
ested in some specific intellective pur- 
suits. Finally, it would be absurd to 
deny that hearing people commonly 
employ language to express and com- 
municate intelligent acts overtly and 
often use some form of language inter- 
nally when searching for an intelligent 
understanding of a given situation. In 
all these cases, however, language seems 
to play a subsidiary role to intelligence 
Proper, a role which the reviewed stud- 
les indicate could in some instances be 
taken over by other symbol-like struc- 
tures. 

It may be necessary to clarify more 
Precisely what is implied by the term 
‘the indirect influence of language” 
since Oléron (1957) employed a similar 
phrase with a somewhat different mean- 
ing. For Oléron, language is directly 
Supposed to further and train intel- 
lectual experience, for example, by 
saying a “brown bookcase” the child 
is led to perform the intellectual 
operation of abstracting the concept of 
brownness” from the concept of “book- 
case” and by constant use of such 
linguistic habits which separate a noun 
from an adjective he develops a cor- 
responding intellectual habit. According 
to Oléron, language makes an essential 
Contribution by helping the person to 
transcend the perceptual order and by 
giving habitual training in intellective 
habits and symbolic techniques, even if 
: ìs not the main determinant of intel- 
ay development. Although the dis- 
om mg may appear subtle, in our dis- 
sui lon the notion of an indirect lin- 
; Stic influence is used in a different 
ense, 
Our position refers to the h 
Son in his į STEALO Ne AUMEN pEr 
mee is interaction with the environ- 
being Wn is called experience—as 
mënt hie for intellective develop- 
may $ earing child through language 
ig imply have more opportunity to 

€ract with or meet the environment. 


Language thus affords opportunity for 
more experience, but it is not considered 
a primary or necessary factor in de- 
veloping intellective habits. In other 
words, an intellective habit is not 
thought to presuppose or have at its 
base a linguistic habit. If it were other- 
wise, would it not follow that people, 
deprived of language during the forma- 
tive years, would remain permanently 
crippled in intellectual development? 
Would one not also expect that usage 
and comprehension of language struc- 
ture is closely associated with intel- 
ligence? 

Obviously more refined and sophis- 
ticated research with deaf people is 
desirable to extend the empirical evi- 
dence available thus far. Even more 
important is the quest for other than 
verbal models to help the psychological 
investigator understand intellective func- 
tioning. A close study of children’s non- 
verbal cognitive development would be 
most desirable. The reason for stressing 
the attribute “nonverbal” is simply that 
if we direct our attention to manifesta- 
tions of “verbal intelligence” we al- 
ready preempt the question about the 
relationship of language and intel- 
ligence. Even Piaget (1962) in a recent 
review of his position admits “that the 
root of logical operation lies deeper 
than the linguistic connections, and that 
my early study of thinking was centered 
too much on its linguistic aspect 
[p. 5].” 

Where the above theory mentions 
persons deficient in linguistic experience 
or skill, other than deaf persons are 
clearly in mind. Mentally retarded, 
culturally deprived, speech impaired, 
and some emotionally disturbed people 
may all show the specific indirect results 
of language deficiency. Wepman (in 
press) and Eisenson (1963) explicitly 
pointed out that aphasia should be re- 
garded as a linguistic and not a general 
cognitive handicap. Lenneberg (1962) 
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presented a case study of an 8-year-old 
child who had never talked but, in gen- 
eral, understood language and per- 
formed on psychometric tests according 
to his age level, a rather obvious and 
not too rare instance which demon- 
strated at least that active speech is no 
prerequisite for mastery of language 
and normal cognitive development. 
Milgram and Furth (1963), replicating 
the above-cited results with Same, 
Symmetry,” and Opposition (Furth, 
1961b) on mentally retarded, suggested 
that retarded persons can be considered 
as linguistically deficient over and above 
their general mental age level. 

As a final and complementary body 
of evidence for the general position of 
the relative independence of language 
and intellective development correla- 
tions between intelligence and language 
measures from different authors (Goda 
& Griffith, 1962; Harrell, 1957; Temp- 
lin, 1957; Winitz, 1959) were examined. 
Based on combined results of 746 per- 
sons from 5 to 21 years of age the r for 
IQ and Sentence Complexity was a 
weak .16 and based on N = 426 the r 
for IQ and Sentence Length was an 
equally unimpressive .19. Similarly Burt 
(1949), reviewing the results of several 
studies, pointed out that there seems 
to be general agreement among factor 
analysts that verbal ability is independ- 
ent of so-called “higher mental proc- 
esses,” such as generalization, abstrac- 
tion, judgment, and reasoning. 

Three additional points may be 
added, one that hearing children of 
quite low mentality learn to master the 
basic structure of their mother tongue 
at a functional level. Secondly, there 
is the observation that the learning of 
foreign languages is not substantially 
related to measures of intelligence (Car- 
roll, 1962). . , 

Finally, there is increasing evidence 
that training in verbalizing particular 


task variables does not, as such, ap- 


preciably improve a conceptual per- 
formance (Beilin & Franklin, 1962; 
Wohlwill & Lowe, 1962). In those cases 
where verbalization did seem to help, 
inspection of the procedure usually 
shows that verbalization did more than 
merely provide words. For example, in 
Gagné and Brown (1961) all groups 
were supplied with appropriate verbal 
terms, but the group which emerged as 
best learners was guided in using the 
terms in varying contexts. Thus, this 
group differed from others not so much 
in verbal as in conceptual training. Per- 
haps this is what Gagné implied when 
he stressed the importance of what has 
been learned in a situation in contrast 
to how it has been learned, that is, 
whether verbally or nonverbally. 

In summary, then, the reported in- 
vestigations seem to emphasize as legiti- 
mate the distinction between intellective 
and verbal skills. The ability for intel- 
lective behavior is seen as largely in- 
dependent of language and mainly sub- 
ject to the general experience of living. 
Various sources of empirical evidence 
confirm the theoretical position that just 
as language learning is not closely re- 
lated to intellectual endowment so intel- 
lective performance is not directly 
dependent on language. 
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STIMULUS CONTROL FOR BIRD ORIENTATION* 
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During the last 2 decades there have developed 4 experimental lines 
of approach toward the understanding of the stimulus control of bird 


orientation and navigation: 


sun-compass-orientation, star-navigation, 


sun-navigation, and what might be called nonvisual hypotheses. Each 
position has yielded important evidence which has in turn led to sharper 
definitions of problems and more rigorous appraisal of theory. The 
intention of this paper is to review the research findings and conclusions 


concerning each of the positions. 


The stimulus control of navigation 
and migration by birds has constituted 
one of the most challenging problems 
for the student of animal behavior. This 
general topic has always aroused the 
imaginative and the curious, but it has 
only been during the past 20 years that 
impetus has been given to the develop- 
ment of new explanations and new 
methods of investigation. During this 
time four lines of approach have 
emerged. The sun-compass-orientation 
hypothesis set forth by Kramer and his 
co-workers has established that diurnal 
migrating birds maintain their direction 
by orientation with respect to the sun. 
With Sauer’s work and the development 
of the star-navigation hypothesis, there 
1S evidence that nocturnal migrating 
birds orient and navigate by means of 
star patterns. Matthews’ sun-navigation 
hypothesis has been put forward to ac- 
count for the evidence that birds can 
use observations of the sun for true 
bicoordinate navigation, and lastly the 
Nonvisual hypothesis, orientation and 
Navigation by sensitivities to magnetic 
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and “Coriolis” forces, has been pro- 
posed. This review concerns itself with 
the advances and conclusions made by 
each position. 


Sun-CoMPAss-ORIENTATION 
HYPOTHESIS 


Virtually nothing was known of the 
mechanisms which organisms use for 
orientation prior to 1949. Since that 
time it has been shown that several 
species of birds, arthropods, fish, and 
reptiles possess the ability to find com- 
pass directions with the help of the sun 
and to keep that direction despite the 
“movement” of the sun during the day. 

The sun-azimuth orientation consists 
in the determination of the compass 
directions by the sun position regardless 
of the time of day; hence, it requires 
mainly the ability to correct for the 
sun’s daily azimuth displacement. Gen- 
erally it has been assumed that only the 
azimuth of the sun’s position is used as 
the basis for orientation. The sun’s az- 
imuth, that is the projection of the sun’s 
position onto the horizon, however, 
changes during the day with varying 
speed. In order to maintain one’s com- 
pass direction accurately, the correction 
for the azimuth movement has to vary 
with the same rhythm. The azimuth 
movement varies, not only during the 
course of the day, but also with the 
seasons and with various latitudes. An 
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organism which uses only the sun’s az- 
imuth for keeping a compass direction 
has, therefore, to compensate for differ- 
ent azimuth movements in equal time 
intervals at different times of the day, 
at different seasons, and at different 
latitudes if it migrates. 

It has been suggested by Kramer 
(1961) and by Wallraff (1960a, 1960b) 
that two kinds of orientation occur in 
nature, one-direction orientation and 
goal orientation. In the former case, no 
matter where the animal is, it tries to 
go in a given compass direction; in the 
latter case, it tries to go towards a 
“home” goal. According to the hypoth- 
esis, the direction to be taken is in 
many cases unlearned, while the loca- 
tion of a goal area, on the other hand, 
must be learned or imprinted through 
experience. Navigation is the ability to 
recognize displacement in unfamiliar 
surroundings and to choose the correct 
homing direction, 

Kramer (1950a, 1950c) found that 
his captive starlings Sturnus vulgaris 
which lived in an outdoor aviary got 
restless at migration time and would 
cling to the side of the cage or make 
short sallies in the direction they would 
take if free to migrate. The starlings’ 
visual field was restricted to that of the 
sky above by a round aviary which ex- 
cluded the sight of the horizon. Kramer 
noted that the diurnal fluttering re- 
mained oriented in the species-specific 
migration direction only when the sun 
or the sky near it was unobscured by 
cloud cover. This directional tendency 
was manifest even in a round cage of 
a diameter of about 2 feet. Only the 
overhead sky and the features of the 
apparatus remained as visual cues and 
only the former provided constant di- 
rectional information, since the appara- 
tus was regularly rotated. At the same 
time, it was clear that the birds were 
able to correct for the sun’s movement 


during the day, for they showed the 
ability to take time into account by 
holding the same direction in spite of 
passing time. However, individual star- 
lings differed in appraising the hourly 
angle of displacement in spite of their 
being constantly exposed to the natural 
sun. Birds that were allowed the sight 
of the blue sky through one window 
only, tended to react as if this window 
represented the sun and took their di- 
rections accordingly. If the incidence of 
light was changed by the use of mirrors, 
the direction chosen by the starlings 
changed correspondingly. When the 
magnetic field around the experimental 
chambers was greatly altered by masses 
of iron, the response of a compass was 
drastic, but this change in the magnetic 
field had no effect on the direction of 
orientation. 

In a series of experiments based upon 
direction learning without the migra- 
tory urge, Kramer (1952, 1953) and 
his co-workers (Kramer & Riese, 1952; 
Kramer & von St, Paul, 1950) trained 
starlings to a compass direction in order 
to be free from the restrictions of the 
seasons and hours of migration. A cir- 
cular training cage was used. The birds 
first learned to 80 to 1 of 12 containers 
placed about the circumference for 
food. The compensation for the sun’s 
motion during the day could be dem- 
onstrated by observing that birds which 
had been trained at a restricted time of 
day to expect food at a definite angle 
to the sun chose the same compass di- 
rection in critical tests at other times of 
the day. Similar experiments (Kramer, 
1953), but with an artificial sun, have 
shown that birds alter their absolute 
direction by changing their angle to the 
fixed light source. A number of devia- 
tions were observed; these errors did 
not disappear when adjustments of the 
diameter of the Projected sun and the 
altitude to that of the natural sun were 
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made. It became evident that the star- 
lings were evaluating only the azimuth, 
and that it made no difference how high 
or low the sun was. 

In an experiment (Kramer, 1953) 

with birds raised under sunless condi- 
tions, one starling was raised without 
seeing the sun and trained and tested 
with a fixed artificial sun. This bird 
compensated for a clockwise movement 
it had never experienced. However, 
when the length of day was adjusted to 
the fall season and latitude, the bird 
compensated for a sun-azimuth move- 
ment as it occurs in June. All “sunless” 
starlings raised in 2 subsequent years, 
however, showed a simple constant 
angle orientation when tested at times 
different from training. 
_ The ability of sun-azimuth orienta- 
tion has been demonstrated experimen- 
tally in the starling, red-backed shrike 
Lanius collurio, and warblers (Kramer, 
1949, 1950a, 1950b, 1951). In a series 
of experiments, von St. Paul (1953, 
1956) was able to demonstrate orien- 
tation in the barred warbler Sylvia 
nisoria, the red-backed shrike, and in 
the western meadowlark Sturnella neg- 
lecta. This has also been shown with 
homing pigeons Columbia livia (Kra- 
mer, 1957, 1959), 

Hamilton (1962b) reared pintails 
Dafila acuta, blue-winged teal Anas 
discors, and green-winged teal Anas 
crecca from eggs laid by wild birds. The 
eggs were hatched in incubators, and 
when the ducks were 24 hours old, they 
Were transferred to test cages. To test 
the ability of ducks to tell direction by 
the sun, the birds were reared in an 
environment lacking constant direction 
E that of the sun and overhead sky. 
; he birds were allowed to obtain water 
i only one direction, and by the time 
Pico were 3 weeks old their ability 
sh cate the water source was well de- 

Oped. In critical tests the experi- 


mental birds were removed from the 
apparatus and deprived of water. In 
daytime tests with the sun obscured or 
in twilight periods at dawn and dusk, 
the birds made random choices, but 
with the sun directly visible accurate 
choices were the rule. 

The field experiments of Griffin and 
Goldsmith (1955) showed that common 
terns Sterna hirundo released inland 
regularly fly southeast for as far as they 
can be observed. The direction is main- 
tained regardless of the actual home 
site. When the sky had an overcast, as 
in previous studies, no orientation could 
be seen. Similar results were found by 
Bellrose (1958) with wild mallards 
Anas platyrhynchos. The birds showed 
a strong tendency to fly north on clear 
days and nights; the orientation was 
random with overcast skies. Matthews 
(1961) observing nonmigratory mal- 
lards suggests that the birds upon re- 
lease flew northwest regardless of the 
distance and direction of release, season, 
and length of captivity. Such flights oc- 
curred at any time, and with birds of 
any age, or either sex. These observa- 
tions suggest sun orientation. 

The biological clock which is nor- 
mally in phase with the astronomical 
day-night cycle can be controlled and 
shifted by an artificial light-dark cycle. 
Starlings studied by Kramer (1957) 
showed deviation of their clock by pro- 
ducing determinate direction choices. 
The direction choices were equal to 
those produced by birds kept in outdoor 
conditions if the artificial light-dark 
change was synchronized with the as- 
tronomical day-night cycle. They de- 
viated in a predictable manner if the 
artificial cycle was shifted. A shift of 
6 hours resulted in a final directional 
deviation of roughly 90 degrees. An ex- 
posure of 4-12 days to the phase- 
shifted light-dark cycle was sufficient 
to attain the full shift of the internal 
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clock. Other experiments have con- 
firmed these findings (Hoffmann, 1960; 
Schmidt-Koenig, 1960a). 

It is well known that all birds do not 
migrate during the day. Kramer (1950) 
suggested the functioning of the sun 
compass at night. His experiments on 
directional findings in nocturnal mi- 
grants done with Old World shrikes and 
warblers suggested that orientation was 
possible only if birds were allowed to 
see the sun around sunset or earlier. 
However, Hoffmann’s studies (1960) 
indicated that birds are not able to 
compensate for the sun’s motion during 
the night and suggested that some other 
stimulus control was at work. 

Studies that do not negate the sun- 
compass hypothesis but do complicate 
it have been made by Perdeck (1957), 
Tinbergen (1956), and Tinbergen and 
Fijlstra (1954). Perdeck, using Kra- 
mer’s round cage method, demonstrated 
that a starling, caught in the autumn, 
displayed a satisfactory precision in its 
southwest tendency as long as the sun 
was visible. However, when the sky be- 
came overcast, the bird was at first dis- 
oriented but managed to orient again 
when the sky remained heavily over- 
cast for several days. Observations by 
Tinbergen of the directional flight of 
migrating starlings revealed increased 
scatter on a number of successive 
cloudy days, but sharp orientation on 
a cloudy morning following an after- 
noon when the sun shone for a brief 
time. This finding would support a 
celestial clue hypothesis as the oriented 
flights under overcast can be attributed 
to a carryover of orientation which was 
achieved under clearer conditions. 


Srar-NAVIGATION HYPOTHESIS 


Tt has been noted that warblers along 
with most small passerines migrate 
chiefly at night so that the sun is not 
what guides them. In specially designed 
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cages, Sauer and Sauer (1955) began 
looking for other factors in orienta- 
tion. They observed that warblers 
reared in closed, soundproof chambers 
under summerlike conditions still got 
restless at the time when they would 
have begun their migrations. 

Sauer and Sauer (1955) also tested 
blackcaps Sylvia atricapilla and garden 
warblers Sylvia borin, night migrants, 
for nocturnal migratory directional 
tendencies. In the autumn migration 
period, birds were put singly into a cir- 
cular cage which could be rotated and 
was screened on all sides so that no 
surrounding landscape could be seen 
below an angle of 68 degrees. Definite 
nocturnal orientation was observed un- 
der clear or partly cloudy skies, even 
if the birds had never seen the sky 
before the experiment. The fluttering 
birds kept facing in their natural mi- 
gration direction, for example, towards 
the south-southwest and southwest. As 
long as the brightest stars were still 
visible through a veil of clouds, the 
direction of migration orientation was 
unimpaired. In a diffusely illuminated 
room, under polarized light, or under a 
cloudy sky, the birds were completely 
disoriented. It was noted that the birds 
showed positive phototropic responses 
to the moon, bright meteorites, and 
directed artificial light. In similar ex- 
periments during spring migration, 
blackcaps chose the species-specific di- 
rection of migration, north-northeast 
and northeast. 

Further experiments by Sauer and 
Sauer (1959) with the common white- 
throat Sylvia communis, garden war- 
bler, wood warbler Phylloscopus sibila- 
trix, and lesser grey shrike Lanius minor 
were made in Southwest Africa, and the 
birds took up roughly the directions 
which would be expected. Tt was sug- 
gested that the birds recognized when 
they had arrived at the end of their 
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migration by the star pattern. The ef- 
fect of overcast skies was again stressed. 
Whitethroats still tended to the south, 
however, even though they were already 
2,000 miles south of their normal winter 
quarters. 

Sauer (1956, 1957a, 1957b) followed 
his hypothesis of birds’ orientation by 
stars by taking birds into a planetar- 
ium. In a Zeiss planetarium, under dif- 
fuse illumination, the direction of mi- 
gration was random. Under an artificial 
replica of the starlit spring sky a black- 
cap faced north-northeast and north- 
east. A lesser whitethroat faced towards 
the south-southeast and southeast under 
an artificial autumn sky. An inexperi- 
enced lesser whitethroat presented with 
the starry skies of different latitudes 
faced between southeast-east in a way 
which exactly corresponds to the known 
behavior of experienced birds in nature. 
The presentation of an autumn sky dur- 
ing spring and vice versa caused the 
birds to alternate rapidly between the 
direction of spring and autumn migra- 
tion. Under a winter or a summer sky 
during autumn, a lesser whitethroat was 
completely disoriented. If the constella- 
tions were changed to correspond with 
an eastward or westward displacement 
of the birds, they were able to com- 
pensate partly for this and would have 
found their way back to their summer 


\ : 
\ or winter quarters. It was suggested 


“that the birds were able to see a part of 
the star pattern known to them. 

X, lesser whitethroat (Sauer, 1957b) 
was)\presented with an artificial sky 
uld appear at the latitude of 


the Qiithern Mediterranean. The bird 
chan the direction of its movements 
from |butheast to south in the same 
way: hese birds are known to change 


rse when reaching the eastern 
tue Hi the Mediterranean, indicating 
b icoordinate navigation. It must 
e noted, however, that such correction 
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was not observed in cases where the 
westward displacement was simulated. 

Orientation of two garden warblers 
and three blackcaps studied with pro- 
gressive shifts of the star pattern (for- 
ward in time through a total of 24 
hours) led to compensation for reorien- 
tation, disorientation conflicts between 
the appropriate migration direction and 
its reverse, disorientation, and, finally, 
to normal orientation again. The results 
were not always consistent and were not 
duplicated by shifting the pattern back- 
wards in time. Changes in apparent lati- 
tude did not seem to affect the conflict 
type of orientation (Sauer & Sauer, 
1960). 

In making an evaluation of birds’ re- 
actions to simulated changes of posi- 
tion, Kramer (1961) noted that the 
artificial sky stood still and its time 
adjustment was consistently retarded in 
a manner corresponding to a westerly 
displacement of as much as 15 degrees 
longitude or more. In addition, the test- 
ing apparatus had to be placed excen- 
trically in the planetarium, as the center 
was occupied by the projector. In gen- 
eral, the cage was placed south of the 
room center and as the dome was only 
6 meters in diameter, parallactic dis- 
tortions were unavoidable. It must be 
pointed out that even the displacement 
of the bird in the cage as it moved must 
have caused gross visual changes. The 
net results of these technical problems 
may have caused marked changes in the 
behavior of the bird. 

Sauer (1961) concluded from his re- 
search that birds not only use the stars 
to determine a fixed compass direction, 
but also to derive further information, 
particularly with respect to the seasons, 
from the temporal arrangements of the 
constellations. He suggested that var- 
ious species possess & mechanism of mi- 
gration orientation which enables them, 
independent of local topography and 
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their individual experience, to deter- 
mine, with the help of their ability to 
assess time, their species’ course of mi- 
gration while steering by starlit sky. 
This implies that birds may use a bi- 
coordinate system of star navigation 
when displaced spatially. But, as yet, 
it has not been possible to ascertain 
what celestial features are the principal 
cues for the bird. In all of Sauer’s work 
the sky zone lower than approximately 
35 degrees above the horizon was not 
shown. If the sky was overcast so that 
the Milky Way could not be seen but 
the major stars were yet visible, the 
bird’s orientation was not disrupted. 
The cues that were used were in all 
probability of some configurational na- 
ture. 

The conclusions of Sauer, however, 
have been complicated by a recent ob- 
servation of Agron (1962), who has 
pointed out that Sauer has neglected 
the evolutionary implications of the rel- 
atively rapid changes in the star posi- 
tions. The stars and seasons reverse 
their relationships completely every 
13,000 years because of the earth’s axial 
precession, and also there are slower 
changes in star pattern due to “proper 
motion” of stars. Agron suggested that 
for birds to navigate by the stars, they 
must be continuously evolving at a rate 
which is not incompatible with the ratio 
of celestial changes. 

Using the white-crowned sparrow 
Zonotrichia coronata, Mewald and Gose 
(1960) observed in an experimental set- 
ting that these birds showed strong or- 
ientation of nocturnal but not diurnal 
activity toward the north in the spring 
and the south in the fall. A more diffuse 
orientation in the fall was ascribed to 
the birds being close to their normal 
wintering area. 

Hamilton (1962a) using North Da- 
kota bobolinks Dolichonyx oryzivorus 
under a clear, moonless fall sky in San 


Francisco reported a remarkable uni- 
formity in preferred direction. The most 
frequent response under overcast was 
waning, nondirected response intensity, 
and subsequent termination of activity; 
direction was lacking. Response ampli- 
tude faded when bright stars were no 
longer visible. The moon disrupted the 
directional tendency. When the migra- 
tory call notes were recorded and 
played back, inactive birds could be 
stimulated to activity and the birds 
already active to longer than normal 
activity. 

Pintails, blue-winged teal, and green- 
winged teal under a clear moonless sky 
consistently made accurate direction 
choices although some birds could not 
be induced to respond at all, With the 
moon in the sky some birds diverted 
direction of choice toward the moon, 
others were not affected (Hamilton, 
1962b). 

Fromme (1961) and Merkel and 
Fromme (1958), using European robins 
Enithacus rubecula, redbacked shrikes, 
and whitethroats, observed that the 
birds preferred a direction in nocturnal 
migration which corresponded to the 
natural migratory direction appropriate 
to the time of year. These observers re- 
ported that orientation was just as good 
without optical points of reference and 
proposed that these birds must have a 
means of orientation other than the star 
pattern shown by Sauer (1956) to be 
important to other species. They sug- 
gested that electromagnetic radiations 
from celestial bodies could be excluded, 
however, for investigations (Merkel & 
Fromme, 1958) with an artificial mag- 
netic field were ambiguous, Migratory 
direction was completely lost though, 
when the birds were put into steel 
chambers. Fromme and Merkel’s obser- 
vations, that birds remained oriented 
without optical reference points, can not 
be explained by any of the present the- 
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ories and are contrary to the findings 
of others. 

Two papers by Wallraff (1960a. 
1960c) include detailed criticisms of 
Sauer’s (1956) claims that warblers 
detect changes in latitude and longitude 
from corresponding shifts in star pat- 
terns. Sauer’s data have been recalcu- 
lated and regrouped with the result that 
changes in orientation with different 
latitudes now do appear somewhat less 
convincing. Changes with differences in 
longitude are shown to have inconsist- 
encies and are explained as due to the 
azimuthal compensation of a star com- 
pass imposed by a change in time. It 
must be noted, however, that there is 
a strong tendency for the grouping of 
data until very small differences achieve 
a given level of significance. It is highly 
conceivable that much of the contro- 
versy has its roots well buried in the 
ground of statistical method. 


SuN-NAVIGATION HYPOTHESIS 


About the time of Kramer’s original 
work on the sun orientation hypothesis, 
Matthews in England was studying the 
critical problem of stimulus control of 
navigation. This area has been one of 
the most difficult problems for the stu- 
dent of animal behavior. True naviga- 
tion involves the ability in animals of 
“knowing” where they are in unfamiliar 
surroundings. 

Three studies may exemplify this 
point, Kenyon and Rice (1958) re- 
moved 18 adult Layson albatrosses 
Diomedea exulans from nests at Mid- 
way Atoll. Fourteen of these returned 
from widely spaced points of release. 
The greatest distance of release was 
4,120 miles from the nest, and the bird 
returned in 32 days. Mazzeo (1953) 
Provided an account of a Manx shear- 
water Procellaria pufinus that homed 
y Boston to its colony off Wales in 
ess than 13 days. This shearwater re- 


turned from outside the range of the 
species along an east-west route at right 
angles to its normal migration. Re- 
cently, Hamilton (1962c) described a 
report in which a captive bobolink 
escaped during the fall at Berkeley, 
California. This bird had been taken 
from its breeding grounds in North 
Dakota during the previous summer. 
The following summer this same bird 
was recaptured at the location where it 
had originally been trapped in North 
Dakota. Since California is not on the 
migratory pathway of bobolinks, the 
eventual return of the bird implies some 
capacity of navigation. 

From Matthews’ early work (1951, 
1953c) the suggestion has come that 
homing pigeons get their orientation for 
navigation from the sun. This must be 
the case, it is argued, for the perform- 
ance of the birds was not as good under 
overcast skies. Under this condition the 
birds scattered randomly when released, 
and homing was very much better when 
the sky was clear. The same general 
findings hold for the Manx shearwater 
(Matthews, 1953a) and also for gulls 
(Matthews, 1952). Matthews (1951) 
has shown that pigeons are able to fly 
in a given direction when released at 
unknown points. When released in un- 
known areas at right angles to, OF in 
the opposite direction from, the original 
line of training, a good proportion of 
the birds returned to the loft. It has 
been emphasized by Matthews (1953b) 
that homing and initial orientation are 
two distinct events. Using young an 
untrained birds, he reported orientation 
toward the home loft. However, such 


birds homed poorly. It was thought that 
practice affected the return rather than 
the determination of direction bearing. 
From his studies Matthews hypothe- 


sized that homing birds determine lati- 
tude on the basis of the sun’s altitude 
and longitude on the basis of time. 
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Matthews (1955a) stated: 


The essential feature is the sun arc. This is 
inclined at an angle from the horizontal which 
is constant for a given place and is a measure 
of the latitude of that place. . . . The speed 
at which the sun moves round its arc is, for 
practical purposes, constant at 15° an hour. 
When it has reached a particular point on 
this arc at home, it will have advanced fur- 
ther to an observer in the east, and less far 
to one in the west, the difference in arc angle 
(the angle round the arc from the noon posi- 
tion) being directly proportional to the change 
in longitude. At home the bird will become 
familiar with the features of the sun arc and 
the sun’s position on it at different (local) 
times. These will be related to the internal 
“chronometer” which is also an essential part 
of the hypothesis. In unfamiliar surroundings 
the bird will have to construct the sun-arc 
from observation. The suggestion is that it 
observes the sun’s movement over a small part 
of its arc and extrapolates to obtain the 
highest point. Measurement of the altitude of 
this point, the angle from the horizontal and 
comparison with the remembered value for 
home, say, the previous day, will give the 
latitude change. The arc angle from the ob- 
served sun to this highest point when com- 
pared with that obtained at home for the 
same chronometer time will give the longitude 
change [pp. 92-94], 


In support of his assumption of the 
chronometer, Matthews (1955b) con- 
ducted an experiment on that part of 
the sun-navigation hypothesis which 
suggests that birds can detect longitude 
displacement by comparison of home 
time with local time estimated from 
the highest point of the sun’s arc. 
Pigeons were exposed for 10 days to an 
artificial day which was 3 hours in ad- 
vance of the normal day. When tested, 
the birds showed no loss in time orien- 
tation. Continuing the research, the 
birds were then exposed to 4 or 5 days 
of irregular light-dark sequences fol- 
lowed by 11 days of regular sequences, 
advanced or retarded with respect to 
normal days. The tests from west, east, 
and north indicated that the chronom- 
eters of the birds had been affected. The 
pigeons tended to fly in the predicted 
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false direction, east, after an advanced 
day and west after a retarded one. 
These results support the general the- 
ory. Much of the supporting evidence 
for sun navigation suggested by Mat- 
thews has been criticized, although his 
studies have not been reproduced by 
other investigators. 

It has been observed that birds show 
a “Position effect,” in that they do not 
find their way equally well from all 
directions. Kramer (1957); Pratt and 
Wallraff (1958); Kramer, Pratt, and 
von St. Paul (1958); and Schmidt- 
Koenig (1960) have found that birds 
homed and showed more accurate orien- 
tation by flying toward the north than 
the birds flying toward the south. This 
northerly orientation may also be re- 
lated to the postfledgling movements of 
many birds. This “nonsense orienta- 
tion” in pigeons, and birds in general, 
Matthews (1961) argues, has caused 
confusion in research studies on naviga- 
tion. The fact that there are directional 
effects in different geographical local- 
ities was thought by Kramer as possibly 
due to selective differences in the pigeon 
stock that was used. Hoffmann’s (1958) 
research seems to have eliminated this 
possibility. Using both English and Ger- 
man stock in his experiments, Hoffmann 
found no differences between the two. 
The differences from the original stud- 
ies, it was suggested, seemed to be due 
to some unknown aspect of the locality, 
Wallraff (1960c), in studying the re- 
lationship between homing ability of 
pigeons and meteorological and geo- 
physical factors, found that low wind 
velocities and clouding had a negligible 
effect on homing ability, though air 
temperatures and barometric pressures 
had a great influence. In time, it may 
be discovered that the Position effect 
can be explained by a critical analysis 
of the homing locale. However, Kramer 
(1961) noted day-to-day variations in 
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homing success which could not be ex- 
plained in terms of traditional meteor- 
ology. 

Homing ability also shows marked 
seasonal fluctuations. Kramer and von 
St. Paul (1956) and Kramer (1957, 
1959) observed that homing was much 
poorer in winter than in summer at least 
in Northern Germany. The very poor 
results obtained in winter over very 
short distances showed that the birds 
did not use visual information from the 
surroundings. 

Kramer (1959) and Wallraff (1959) 
have studied orientation independent of 
landmarks. Pigeons which were raised 
in open aviaries exhibited homeward 
orientation when released. No such or- 
ientation was displayed by birds which 
were raised in walled aviaries allowing 
vision only of the sky down to 30 
degrees above the horizon, in aviaries 
allowing a view of a sector of the north- 
ern sky and horizon, or in aviaries sur- 
rounded by palisades in such a manner 
that free sight of the sky was not al- 
lowed except for a zone of elevation 3 
degrees above the horizon. Using the 
bank swallow Chaetura pelogica Sargent 
(1962) tested birds in a portable orien- 
tation cage. The birds showed prefer- 
ences of direction at distances up to 25 
miles provided a view of surroundings 
was available to them during transit, 
but showed no such tendencies at 
greater distances or if not permitted to 
observe surroundings during transit. 

The sun-arc navigation theory re- 
quires observation of the sun’s move- 
ment for extrapolation. Kramer (1953) 
denied pigeons the observation of the 
sun’s path. He demonstrated that the 
birds quickly oriented themselves even 
if they were released at the time of day 
when the elevation of the sun, at the 
Telease site, was the same as that of the 
home loft. 

In testing aspects of Matthews’ the- 


ory, Pratt and Thouless (1955) allowed 
their pigeons to see the sun for varying 
periods of time before release, while 
other birds were screened until release. 
They observed that both groups or- 
iented towards home with equal accu- 
racy and with such prompt headings 
after release that there was some ques- 
tion that the birds were judging the 
trend of the sun’s arc. Pratt (1955) and 
Pratt and Thouless (1955), using both 
trained and untrained birds, found that 
both groups showed a significant tend- 
ency to fly in the homeward section of 
the release circle. Likewise, both groups 
homed with about the same speed and 
success. This similarity was contrary to 
the results obtained by Matthews. Like 
Kramer, Pratt (1955) attributed the 
differences in results to stock differ- 
ences. It has also been pointed out that 
another possible interpretation lies in 
the fact that Matthews did not give free 
range to his birds in the loft, whereas 
Pratt allowed such activity. The re- 
stricted birds, upon arrival in the vicin- 
ity of the loft, may not have been able 
to recognize their home territory. 
Hoffmann (1954, 1958, 1960) and 
Schmidt-Koenig (1960a, 1960b) re- 
ported a number of findings with pi- 
geons whose biological clocks were 
shifted. These data showed that the sun 
was definitely involved in orientation, 
but only to the extent that it served as 
a compass. In the sun-arc theory, fol- 
lowing a shift of the bird’s chronom- 
eters 6 hours clockwise, only at one 
particular time of day, at 9 A.M., do, the 
altitudes of the anticipated and realized 
sun agree. All birds that were released 
before that time should have taken their 
heading toward the east to southeast, 
and all birds released after that time 
toward the north to northwest. This was 
clearly not the case for there was a 
deviation to the left with reference to 
the headings of the control birds, no 
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matter what time and from which direc- 
tion or distance the birds were released. 
This evidence was more in keeping with 
an orientation reaction rather than true 
navigation. Wallraff (1960a), after 
summarizing the literature on naviga- 
tion, concluded by stating: 


It has not yet been possible to demonstrate 
navigation on a purely astronomical basis in 
any animal. At the present the hypothesis of 
sun navigation is to be regarded as disproved, 
at least in pigeon homing, that of star naviga- 
tion as not proven [p. 459]. 


Whether migratory flight is governed 
by goal or directional orientation has 
been the subject of a whole series of 
field displacement experiments with the 
European starling (Kratzig & Schuz, 
1936; Perdeck, 1954, 1957), hooded 
crow Corvus cornix (Ruppell, 1944), 
American crow Corvus brachyrhynchos 
(Rowan, 1946), European sparrow 
hawk Accipter nisus (Dorst, 1939), and 
European white stork Ciconia ciconia 
(Schuz, 1949, 1950, 1951; Thienemann, 
1931). In all of the tests, birds of the 
same year flew parallel to the normal 
migratory route; whereas older birds 
displayed a stronger tendency to home 
towards the normal distribution area of 
their population. 

Perdeck (1958) suggested that the 
birds possess at least two different 
mechanisms for orientation. He ob- 
served on the basis of recovery of 
banded birds that juvenile starlings 
displaced transversely to their normal 
route before or during their first migra- 
tion, flew in the original direction after 
displacement. He concluded that what 
they used for orientation must have 
been a sort of compass to find their 
direction. Adult birds headed straight 
to their wintering areas if displaced, 
though they flew in directions that 
differed from their normal migratory 
course over long areas unknown to 


them. 
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There seems to be adequate support 
for the conclusion that there are great 
differences among species in the capac- 
ity to navigate. In surveying many tests 
of homing ability in the nonmigratory 
titmice Paridae, Hinde (1952) con- 
cluded that these birds can find their 
way home up to a maximum of 7 miles. 
The coming into home territory seem- 
ingly determines the rate of return. In 
a similar study, Wojtusiak (1949), ex- 
perimenting with the European tree 
sparrow Passer montanus, also nonmi- 
gratory, found no birds returned home 
from distances greater than 7 miles. 
The extraordinary abilities in certain 
migratory sea birds, have, on the other 
hand, been demonstrated. Lack and 
Lockley (1938) have reported Manx 
shearwaters removed from their nesting 
borrows returned successfully to the 
colony from points as remote as 930 
miles and from areas outside their nor- 
mal range. 

Pennycuick (1960a) has criticized 
the sun-arc hypothesis from a theoret- 
ical point of view. He suggested that a 
change of azimuth can only be meas- 
ured by reference to some object which 
does not move sideways. A bird, then, 
could only make the measurement of a 
change in azimuth by reference to a 
fixed object when the bird is stationary 
on the ground. Over the sea it is not 
physically possible to measure it at all 
without some kind of compass. How- 
ever, he pointed out that birds do nav- 
igate over water. Therefore, Pennycuick 
saw Matthews’ theory as untenable on 
the grounds of the physical impossibil- 
ity of making one of the measurements. 
When Matthews considered errors of 
position, he assumed that they would 
appear as errors in latitude, Penny- 
cuick questioned how meridian altitude 
data could be calculated by Matthews’ 
theory. 

Pennycuick’s arguments were shown 
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by Pumphrey (1960) to be fallacious. 
What the bird needs, according to 
Pumphrey, is an indication of the direc- 
tion on the horizontal plane long enough 
to allow the change of azimuth. It may 
be assumed that a flying bird could ob- 
tain the necessary information in flights 
over the sea, and does not need a fixed 
object. It was conceded by Pennycuick 
(1960b) that the rate of change of the 
sun’s azimuth could, at least in prin- 
ciple, be measured by possible reference 
to, and from analysis of, the waves on 
the sea. Wave patterns are, under some 
conditions, more or less regular, but in 
general seem to be too irregular to be 
used for measurement of sun angles. 

It can be held that Matthews’ the- 
oretical position has not been proven in 
that there is currently little evidence in 
its support. Nonetheless, there is no 
doubt that given species do navigate 
over great distances, and some form of 
bicoordinate sun navigation cannot be 
ruled out as the method. 

A simpler sun-navigation hypothesis 
has in turn been suggested by Penny- 
cuick (1960a). It was supposed that 
upon release the bird measures the sun’s 
elevation and its rate of change and 
compares these with the conditions at 
home. Schmidt-Koenig (1961) com- 
mented on Pennycuick’s theory and 
argued that the experimental evidence 
from previous research does not agree 
with the theory. Under given aspects of 
a phase shift of the chronometer, birds 
came to expect a decrease in altitude 
but did in fact observe an increase in 
altitude. Instead of an eastern heading, 
as would be predicted by the theory, 
there was a left deviation. 

From Pennycuick’s theory of sun 
navigation follows the possibility of the 
use of stars for orientation. Theoret- 
ically the use of stars for navigation 
Should be easier than use of the sun. 
He has pointed out that the altitudes 


of two different stars can be used simul- 
taneously as two referent points and 
that there is no need to measure the 
rates of change, as viewed from Sauer’s 
planetarium experiments in which the 
star pattern did not move. 

Furthermore, it is a well-known phe- 
nomenon that under given situations the 
human observer can detect some of the 
brighter stars during the day, and if, 
by chance, the bird is capable of such 
observations under “normal” circum- 
stances, a new much more simple nav- 
igation theory would be possible. At the 
present time it is not possible to make 
any reliable statement about the dis- 
criminative basis for navigation. It has 
been conjectured that vision is respon- 
sible, but this can scarcely be more than 
a generalization as no data are available 
for the quantities the bird is supposed 
to be measuring. 


OTHER ATTEMPTS TO EXPLAIN 
TRUE NAVIGATION 


Wojtusiak (1946, 1949), reporting 
on studies made in Poland, brought 
forth the theory that birds may be 
sensitive to the infrared visual spec- 
trum. If the theory holds, birds could 
see through fog and also at night. There 
is no satisfactory experimental support 
that birds use the infrared frequencies 
(Matthews & Matthews, 1939). Watson 
and Lashley (1915), Lashley (1916), 
Hecht and Pirenne (1940), and re- 
cently Blough (1957) have evidence 
that birds’ visual spectrum is approx- 
imately that of man, and therefore, 
there appears to be no evidence for the 
theory. 

Ising (1946) proposed that the nav- 
igation of birds may depend upon the 
Coriolis force. The Coriolis force 1s 4 
mechanical effect which results from 
the rotation of the earth; the strongest 
force is at the poles and is zero at the 
equator. As a result of the rotation of 
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the earth, a flying bird’s weight changes 
depending on the direction of flight and 
its latitude. Theoretically a bird could 
judge latitude. Wynne-Edwards (1948) 
has shown, however, that a change of 
speed from 40 to 39 miles per hour in 
the bird’s flight could alter the Coriolis 
effect by 2.5%, and this same change 
would correspond to a displacement of 
about 150 miles. The Coriolis force is 
very small and could be offset by many 
confusing circumstances such as the ef- 
fect of variable winds and air turbu- 
lences. The measurement of the changes 
that are required by the theory seems 
outside the organ sensitivity of the bird 
(de Vries, 1948; Griffin, 1955; Thorpe 
& Wilkinson, 1946). 

Since the nineteenth century, various 
theories of navigation based on the geo- 
magnetic field have been in circulation, 
but as yet no one has produced experi- 
mental evidence that any animal is sen- 
sitive to the magnetic field. Nonetheless, 
Yeagley (1947, 1951) reported ac- 
counts of his experiments with homing 
pigeons designed to show use of both 
magnetism and the Coriolis force. He 
suggested that birds determine the lati- 
tude by the effects of the Coriolis force 
and the longitude from the variations 
in strength of the earth’s magnetic field. 
The variation in these two forces may 
be thought of as constituting a grid in 
North America; one set of lines, equal- 
ing the Coriolis force, being the paral- 
lels of latitude, and the other being arcs 
drawn about the North Magnetic Pole 
as a center. He reported an experiment 
with pigeons that had been trained to 
return to a loft in Pennsylvania. These 
birds were then released in Nebraska 
where the lines of the two forces inter- 
sect as they do at the loft in Pennsyl- 
vania. In actuality only a very few 
birds even reached the general area of 
the Nebraska loft. However, Yeagley 
considers that the results showed a sig- 


MERLE E. MEYER 


nificant tendency to fly in that direc- 
tion. Yeagley also reported positive evi- 
dence for his position when comparing 
homing abilities of two groups, one with 
magnets attached to the wings, which 
was to prevent any measurement of 
magnetism, and a second group with 
unmagnetized copper bars attached in 
similar fashion. It was stated that the 
magnets produced a magnetic field of 
about the same intensity as the vertical 
component of the earth’s field. Birds 
without magnets returned more rapidly 
and in greater numbers. On subsequent 
tests Yeagley failed to find any differ- 
ences between the groups. This was ex- 
plained on the basis of magnetic dis- 
turbances occurring on the testing day. 

Several other investigators have at- 
tempted to replicate the experiment but 
have found no significant differences be- 
tween birds with and without magnets 
(Matthews, 1951; Van Riper & Kalm- 
bach, 1952). Griffin (1955), examining 
the Yeagley study, has pointed out dif- 
ferences in method of attachment of the 
magnets and copper and has shown that 
several magnets dropped off the birds 
in one group while all the metal re- 
mained attached in the control group. 
Differences in attachment may have re- 
sulted in differences in irritation and 
injury. Griffin (1955) and Orgel and 
Smith (1954) reported negative out- 
comes of attempts to elicit given re- 
sponses to a magnetic field in the 
laboratory. It has also been shown 
that responses of orientation were 
not affected (Fromme, 1961; Kramer, 
1950a, 1950b). Wynne-Edwards (1948), 
Thorpe (1949), Griffin (1952, 1955), 
and Matthews (1955) have presented 
fundamental criticisms of Yeagley’s 
work. Yeagley’s theory appears dis- 
proved because it has not withstood 
critical replication. 

However, the theory may not be com- 
pletely dismissed. It has been reported 
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by Stewart (1957) that electric condi- 
tions are created by air friction on the 
moving bird’s feathers. The magnetic 
field surrounding it cannot help but re- 
act to the earth’s magnetic fields. This 
in turn could cause the tips of the wings 
to move, and thus, the bird may detect 
this movement. It is thought by Stewart 
that a bird in flight could correct its di- 
rection from these magnetic cues. None- 
theless, evidence for orientation and 
navigation without the use of celestial 
clues is not very convincing. 
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EXAMINATION OF GIBSON’S PSYCHOPHYSICAL 
HYPOTHESIS * 


WILLIAM EPSTEIN anp JOHN PARK 
University of Kansas 


The experimental evidence regarding Gibson’s psychophysical hypothesis 
is examined. The presentation is divided into 2 sections dealing with 
static and transforming stimulation, respectively. Under the former 
heading the stimulation for surface, slant, and depth is considered. 


Under the latter heading the investigations of motion perspectiv 


e, con- 


tinuous perspective transformations, and size-transformations are ex- 
amined. 2 general conclusions emerged from this examination: the 
psychophysical hypothesis has not been unequivocally confirmed and 
Gibson’s theory requires revision to make explicit several recurrent 


implicit premises. 


One of the major contemporary the- 
oretical accounts of perception is Gib- 
son’s (1950b, 1959, 1963) psychophys- 
ical theory. Unlike other theories, for 
example, Gestalt and transactionalism, 
Gibson has attempted to develop a S-R 
account of perception; one which does 
not introduce intervening variables such 
as sensory organization or neo-Helm- 
holtzian assumptive worlds. The cen- 
tral proposition of Gibson’s (1959) 
theory is the generalized psychophysical 
hypothesis: 


for every aspect or property of the phe- 
nomenal world of an individual in contact 
with his environment, however subtle, there 
is a variable of the energy fux at his 
receptors, however complex, with which the 
phenomenal property would correspond if a 
psychophysical experiment could be per- 
formed [p. 465]. 


The objective of this paper is to eval- 
uate the evidence for this hypothesis. 
The similarity between Gibson’s hy- 
pothesis and the older discredited con- 
stancy hypothesis is evident. Gibson’s 
hypothesis, however, is less vulnerable. 


1 This article was written with the support 
of Research Grant MH 04153-04 to the first 
author by the National Institute of Mental 
Health of the United States Public Health 


Service. 
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Unlike the earlier hypothesis, Gibson’s 
position does not presume a picture 
theory of the proximal-perceptual rela- 
tion. Gibson requires retinal correlates, 
not retinal replicas. A more important 
source of strength is Gibson’s concep- 
tualization of the stimulus. In the 
earlier view the stimulus was a static, 
nonchanging, local correspondent of the 
distal source. As long as this view pre- 
vailed it was a simple matter to con- 
tradict the constancy hypothesis by 
demonstrating the equivocality of the 
distal-proximal and proximal-perceptual 
relationships (Kofika, 1935, pp. 75- 
105). This type of critical analysis is 
not so readily applicable when Gibson’s 
(1959, 1960) view of the stimulus is 
taken into account. In Gibson’s (1959) 
view the effective stimulation for per- 
ception must be sought “in a textured 
optical array, supplemented by the 
transformations relating a simultaneous 
pair of them, and by the transforma- 
tions relating a sequence of momentary 
arrays [p. 474].” The stimulus is or- 
dinal—a pattern or gradient of stimula- 
tion. The order may be sequential as 
well as spatial. Sequential ordinal stim- 
ulation refers to the lawful transforma- 
tions of stimulation which occur when 
either the subject or the object is in 
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motion. It is important to note that in 
Gibson’s view (see especially 1957 and 
Gibson & Gibson, 1957) the change in 
stimulation is a stimulus to which the 
subject can respond. On other occasions, 
the subject may respond to the aspect 
of stimulation which remains invariant 
in the flux of stimulus transformations. 
The invariants uniquely specify the 
source of stimulation, and the percep- 
tual apparatus is geared to extract these 
invariants, thereby achieving veridical 
perception. Thus, in Gibson’s view, 
stimulation undergoing change is more 
informative than static stimulation since 
an instance of static nontransformation 
can rarely specify its source. Gibson’s 
Conceptualization of stimulation pro- 
vides him with the grounds for rejecting 
the frequent assertion that the distal- 
proximal and proximal-perceptual rela- 
tionships are fundamentally ambiguous. 
Once this assertion can be denied the 
way is opened for a retinal account of 
perception. 

In one sense the greater portion of all 
experimentation on perception could be 
Considered to have bearing on Gibson’s 
hypothesis. However, our treatment will 
be restricted mainly to those studies 
having the following two characteris- 
tics: (a) The main objective of the 
experiment was to examine psycho- 
Physical correspondence. (b) The ex- 
periment has sought to manipulate the 
type of visual input, that is, optic array, 
which Gibson has stressed. For this 
Teason we have excluded discussion of 
other studies which might be considered 
Televant, for example, the work re- 
viewed by Epstein, Park, and Casey 
past) and Epstein and Park (1963). 

he discussion will be divided into two 
parte, dealing with static and trans- 
orming stimulation, respectively. 


PSYCHOPHYSICAL CORRESPONDENCE 
UNDER CONDITIONS OF STATIC, 
NONTRANSFORMING 
STIMULATION 


This section will review the experi- 
mental studies of the perception of sur- 
face, slant, and distance. 


Stimulation for the Perception of 
Surface 


“According to what will here be 
called the texture-hypothesis, the stim- 
ulus for a visual surface is a fully dif- 
ferentiated, sharp, or textured retinal 
image [Gibson & Dibble, 1952, p. 
414].” Evidence for this hypothesis is 
adduced by Gibson from a series of ex- 
periments with the Ganzfeld. In an ex- 
periment similar to Metzger’s (1930) 
prototypal research, Gibson and Dibble 
(1952) seated the subject before a gray 
wall of coarse-textured plasterboard 
which filled nearly the entire visual 
field. With full illumination, the wall 
appeared surfacelike and visibly tex- 
tured. As the illumination of the wall 
was gradually reduced, the texture van- 
ished, and the impression of hardness 
was replaced by that of a fog. In a 
similar manner the impression of sur- 
face vanished when Gibson and Waddell 
(1952) produced homogeneous visual 
stimulation by means of translucent 
eyecaps. These results are in accord 
with the findings of other investigators 
(Cohen, 1957; Hochberg, Triebel, & 
Seaman, 1951; Metzger, 1930) and ap- 
pear to support the hypothesis that the 
perceived hardness of a surface is re- 
lated to the steepness of the gradients 
of luminous intensity in the retinal 
image. 

While it appears reasonably certain 
that texture is sufficient for the percep- 
tion of a surface, there is evidence that 
it is not necessary. Gibson and Dibble 
(1952) found that a homogeneous tex- 
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tureless surface viewed through a small 
aperture appeared to be a hard surface 
in the plane of the reduction screen 
rather than a film in the aperture. The 
authors suggest that the effective stim- 
ulus may have been the steep intensity 
gradient at the contour. Cohen (1957) 
found that a steep gradient of intensity 
between a homogeneous disc and a ho- 
mogeneous field produced the impres- 
sion of a figure having a hard surface 
and lying on a foggy ground. 


Stimulation for the Perception ef Slant 


Gibson (1950a) proposed that “slant 
at any point may be given by the rate 
of increase of density of the texture at 
that point [p. 371].” This hypothesis 
has had to be revised in the face of 
evidence that rate of increase of texture 
density is not a sufficient stimulus for 
the veridical perception of slant. Since 
a gradient of texture density merely 
specifies a family of tridimensional ar- 
rangements, it is understandable that 
the corresponding percept may be var- 
iable. In addition, slant is generally 
underestimated when texture gradient 
is the chief or only cue. 

Underestimation has been found by 
Gibson (1950a), Gruber and Clark 
(1956), and Clark, Smith, and Rabe 
(1956). The stimuli were textured sur- 
faces presented at several degrees of 
slant, or projections of lantern slides 
made by photographing textures at sev- 
eral slants. The textures employed were 
various: bricklike, mottled, or composed 
of irregular light dots on dark grounds. 
Outline perspective, binocular cues, and 
motion parallax were eliminated. Per- 
ceived slant increased as the steepness 

of texture gradient increased. Hence n 
was concluded that a retinal aa 0 
texture density can, in isolation tg 
other factors, determine perceived s a 
= theless, slant was underestimate 
Neversruber & Clark, 1956). Although 
a of underestimation was con- 


iderably less, some underestimation oc- 
si SS, 
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curred even for regular textures con- 
sisting of repeated evenly-distributed 
elements with linear perspective and 
familiar shape. These results may have 
been caused in part by the tendency of 
perception to conform to the slant of 
the reduction screen. 

These experiments failed to observe 
the distinction between optical slant 
and geographical slant. Optical slant is 
dependent only on the geometrical re- 
lation of a surface to the eye, whereas 
geographical slant is dependent on the 
relation of the surface to other parts of 
the world or to gravity. By creating 
an incongruency between the reference- 
axes of the eye itself and the reference- 
axes of their experimental room, Gibson 
and Cornsweet (1952) produced a sit- 
uation in which the two kinds of slant 
could be perceived separately. The sub- 
ject’s head was rotated 45 degrees to 
the left around its vertical axis and set 
at a 45-degree angle to the walls of the 
room. The subjects were able to deter- 
mine accurately the point at which a 
rotating textured surface reached each 
of two normal positions: perpendicular 
to the line of sight (a judgment of 
optical slant) or parallel to the walls of 
the room (a judgment of geographical 
slant). The results indicate that the two 
kinds of slant can be perceived inde- 
pendently, and that optical slant corre- 
sponds to the gradient of density of 
texture at the fovea, while geographical 
slant does not. 

Gibson, Purdy, and Lawrence (1955) 
investigated the role of texture density 
by means of an optical tunnel, a device 
composed of a set of plastic sheets, 
alternately black and white, with cir- 
cular apertures, set one behind the other 
so as to project onto the retina a set of 
concentric rings of alternating high and 
low intensity. When subjects with mo- 
tionless heads and monocular vision 
viewed a tunnel having a zero gradient 
of density, they reported seeing some- 
thing ambiguous, something which fluc- 


if 
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tuated between flat and deep. When 
subjects were given another presenta- 
tion of this same pseudotunnel using 
both eyes and a third presentation using 
both eyes without a biting board, they 
reported a surface with extended depth 
which approached the actual depth of 
the pseudotunnel. When the peripheral- 
to-central gradient of disparity was re- 
versed by a pseudoscope, the subjects 
saw a striped, convex, truncated cone 
protruding from a background. It ap- 
pears that an unambiguous appearance 
of slant results from a zero gradient of 
density only when it is supplemented 
by some other stimulus such as a gra- 
dient of disparity or deformation. Gib- 
son, Purdy, and Lawrence (1955) con- 
cluded that a gradient of texture density 
cannot by itself compel a perception 
of corresponding slant because the gra- 
dient merely specifies a family of tri- 
dimensional arrangements rather than 
a particular distal stimulus situation. 
For example, a gradient of increasing 
texture density may be produced either 
by a slanted surface having equal-sized 
elements at constant distances from one 
another or by a frontal-parallel surface 
aving elements with progressively di- 
minishing sizes and separations. What 
a given gradient of density determines, 
according to Gibson, is “a relationship 
between apparent slant and apparent 
Spacing of texture elements | Gibson 
et al., 1955, p, 12].” 
. What little evidence there is regard- 
Ing this hypothesis comes from an ex- 
periment by Beck (1960). He presented 
a set of optical tunnels which had con- 
Stant-sized apertures and elements un- 
ibn Spaced so as to duplicate the 
deere a (or decreasing) density gra- 
ee Pe would be present in the 
res oe lons of rays projected by 
ome S riped, tapered tunnels (or 
With fiat ee to various angles. 
cure hand pa vision, these tex- 
E ra S produced impressions of 
J cal tapered objects. How- 


ever, these impressions were quite var- 
iable. Hence it appears that a texture 
gradient in isolation is able to produce 
a complex impression of slant and re- 
cession, but it is not able to uniquely 
determine slant and recession. A partic- 
ular impression of slant and recession 
presupposed “a presumption, attitude, 
or expectation,” for example, that the 
stripes along the surface of the pseudo- 
tunnel were spaced equally. A linkage 
between apparent slant and apparent 
texture-spacing is indicated by the fact 
that adding binocular parallax resulted 
in a change of subjects’ judgments from 
an equally striped, tapered tunnel to an 
unequally striped, parallel tunnel. How- 
ever, some exceptions were found to 
the proposed linkage between apparent 
slant and apparent texture-spacing. 
Beck also found that the introduction 
of binocular disparity did not always 
eliminate the ambiguity of fixed monoc- 
ular vision. 

That texture gradient is not adequate 
as a cue to slant is also confirmed by 
Smith and Smith (1957), who required 
subjects to make judgments of the 
degree of curvature of a perfect semi- 
cylinder with a textured surface and 
hidden ends. Under monocular condi- 
tions the mean judgments were nearly 
flat. This result was explained by the 
authors as due to the tendency to see 
the display in the plane of the aperture. 
It may also be noted that form and 
size constancy were placed in opposi- 
tion to the texture gradient because the 
texture was composed of dots of differ- 
ent sizes and shapes (circular and ellip- 
tical). Greater curvature was seen with 
binocular vision for all textures. 

The curvature of a semicylinder was 
also judged in a further study by Smith 
and Smith (1961), who presented singly 
and in combination a large number of 
cues to slant: linear perspective, light 
and shade, texture gradient, form trans- 
formations, monocular movement paral- 
lax, binocular disparity, and interposi- 
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tion. When the edges of the cylinder 
were obscured, all these cues in com- 
bination were not sufficient for veridical 
judgments. “These results indicate that 
the gradient theory ... may be... 
psychologically insufficient for account- 
ing for veridical perceptions of slant in 
all situations [Smith & Smith, 1961, p. 
147].” It is clear that the availability of 
a set of variables, for example, a com- 
bination of binocular disparity, texture 
gradient, and motion parallax, which 
uniquely specifies the source, does not 
insure veridical perception. The fact 
that perceptions were veridical when 
the edges of the cylinder were shown 
may indicate that recognition of a fa- 
miliar object (a cylinder) was impor- 
tant. 

According to Gibson (1951) outline 
figures produce ambiguous percepts. 
Because a given retinal shape may be 
produced by an indefinite number of 
forms at appropriate orientations, it 
seems logical that simple retinal form- 
stimulation should elicit unstable per- 
cepts in the absence of other cues. 
Gibson maintains that texture gradient 
is necessary for the reliable perception 
of slant, even though it is not sufficient. 
Contrary to Gibson’s view, experiments 
by A. H. Smith and his associates indi- 
cate that an adequate stimulus for per- 
ceived slant is the retinal gradient of 
outline convergence. Clark, Smith, and 
Rabe (1955) limited the subject to 


monocular vision, with motionless 
head, and required him to judge 
the slants of outline forms which 


were presented in succession and at rel- 
atively great distance in order to elim- 
inate any cue arising from accommoda- 
tion. It was found that a trapezoid 
appeared unslanted and rectangular 
when slanted so as to project a rectan- 
gular retinal image. A trapezoid pre- 
sented in the frontal-parallel plane (or 
at 20 degrees) appeared to have the 

me slant as a rectangle slanted at 20 
po (or at 40 degrees) so as to 


project the same retinal image. As phys- 
ical slant increased, mean perceived 
slant generally increased, although the 
mean perceived slants were underesti- 
mations (probably due to the absence 
of other cues for depth). In spite of 
Gibson’s (1951) finding that outline 
forms are ambiguous, no observer in the 
experiment under consideration reported 
that the stimulus forms changed in their 
apparent shape or slant. The discrep- 
ancy in results may be due to the fact 
that Gibson’s figures were drawn on 
grounds presented in the frontal-parallel 
plane; Clark, Smith, and Rabe (1955, 
1956) set off their outline figures from 
their backgrounds. With Gibson’s figures 
there would be a conflict between the 
slant percept produced by an outline 
figure and the unslanted percept re- 
quired by the orientation of the ground. 
There is considerable evidence that the 
slant of a figure tends to be assimilated 
to the slant of its ground (Beck & Gib- 
son, 1955; Epstein, Bontrager, & Park, 
1962; Metzger, cited in Koffka, 1935, 
p. 124), 

In a further study, Clark, Smith, and 
Rabe (1956) found that when outline 
perspective was the only cue, the accu- 
racy of slant perception was greater 
than when texture gradient was the only 
cue. Accuracy of perceiving slant did 
not improve when the gradient of out- 
line deformation Was supplemented by 
adding texture to the stimulus form or 
to the background or to both. When the 


ground was textured, perception was 
less accurate, 


Stimulation for the Perception of Depth 


Gibson maintains that depth percep- 
tion does not occur without the percep- 
tion of a surface (and hence without a 
gradient of texture, which is required 
for the perception of a surface). To test 
this hypothesis, Weinstein (1957) inked 
out all texture from a set of Gibson’s 
(e.g., 1950b, pp. 184-185) photographs 
of a large open field with stakes driven 
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into the ground at various distances 
from the camera. Judgments of the sizes 
of the stakes made by the subjects using 
the impoverished pictures were not sig- 
nificantly poorer than judgments made 
by the subjects using the normal photo- 
graphs with a texture gradient present. 
Using the same type of impoverished 
pictures, Smith (1958) obtained rela- 
tively good size constancy. According to 
Smith, it would not have been possible 
for the subject to make size judgments 
of the distant stake in the impoverished 
photographs if he had not assumed a 
level ground-plane common to himself 
and the test objects. Without such an 
assumption, the image of an object at 
the same position in the light pattern 
could give rise to a percept of a small 
near object on a hillside or of a larger, 
more distant object on a level plane. 
The subjects in Smith’s experiment 
were told to assume that a plowed field 
extended from their position for a long 
distance. They were also told that their 
view would be that of the camera. With 
these assumptions, and an awareness of 
the angle of elevation of the eye, they 
had sufficient information to make size 
and distance judgments. 
Natsoulas (1963) has pointed out 
that the visual depth experienced in the 
Ganzjeld situation contradicts Gibson’s 
requirement that the visual perception 
of depth be produced by certain attri- 
butes of the textured optical array, es- 
pecially variations in density, disparity, 
and Motility. Gibson rejects this kind 
“i finding on the ground that, like all 
ences taking place in response to 
™poverished, ambiguous, or equivocal 
p rterns, it is unreliable, varying from 
men to observer and from time to 
Steer! ex the same observer. The theory 
Eral i explain these experiences be- 
other rid are a function of something 
vector stimulation and are not 
E Natsoulas points out that the 
ps ce of depth in the presence of 
anzfeld is not unreliable; it is an 
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unvarying accompaniment of the Ganz- 
feld situation. Gibson, Purdy, and Law- 
rence (1955) found variability in their 
subjects’ reports because the stimulus 
field was not entirely homogeneous. 
Among other things, there was the gross 
inhomogeneity between the surface of 
the first sheet of plastic and the optical 
tunnel seen through the aperture in this 
sheet. As Cohen (1957) has demon- 
strated, an inhomogeneity anywhere in 
the field can reduce the tendency to see 
a surfaceless fog in other parts of the 
field. When all inhomogeneities have 
been eliminated from the field, almost 
all subjects have reported a surfaceless 
fog extending away in depth (Cohen, 
1957; Hochberg, Triebel, & Seaman, 
1951). Not only do experimental results 
of this kind make it appear that Gibson 
is wrong with regard to the necessary 
stimulus conditions for the perception 
of distance; such findings also contra- 
dict the fundamental assumption of this 
theory that perception, when it is reli- 
able and stimulus determined, is also 
veridical. 


PSYCHOPHYSICAL CORRESPONDENCE 
UNDER CONDITIONS OF TRANS- 
FORMING STIMULATION 


As was the case for static stimulation 
there are two related questions which 
need consideration: (a) Do transforma- 
tion sequences yield consistent, rela- 
tively unvarying percepts, and (b) are 
these percepts in good correspondence 
with the objective properties of the 
source of stimulation? In this section 
we will consider these questions with 
regard to motion perspective, perspec- 
tive transformations, and size trans- 
formations. 


Motion Perspective 


Motion parallax has long been rec- 
ognized as a depth cue. However, be- 
ginning with Helmholtz’ (1925, pp. 
295-296) well-known description, the 
emphasis has been on the relative an- 
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gular velocities of isolated objects at 
various distances from the subject. This 
emphasis is reflected in the experimen- 
tal investigations (e.g., Graham et al., 
1948) which typically have used only 
two objects and two velocities in an 
otherwise uniform field of view. This 
approach is also consistent with the 
traditional “air theory” (Gibson, 1950b, 
p. 6) of space, as contrasted with the 
“ground theory” which emphasizes the 
variations in stimulation which are cor- 
related with a continuous background 
surface. When the ground or terrain is 
taken into account there is a continuous 
flow or gradient of retinal velocities. 
This gradient involves a continuous 
transformation of the angular separa- 
tions between points in the field or, 
more simply, a transformation of pat- 
tern. Gibson uses the term “motion 
perspective” to distinguish these condi- 
tions from those which prevail in the 
two-velocity case. Motion perspective 
is presumed to be a stimulus correlate 
of perceived relative distance in the 
same way that gradients of optical tex- 
ture are presumed to be correlates of 
perceived recession of a surface (Gib- 
son, Olum, & Rosenblatt, 1955). Thus 
motion perspective is assigned the 
status of a stimulus for depth, This 
contrasts with its frequent designation 
as a “clue” which is effective only when 
other information makes the assumption 
of spatial extension reasonable (e.g., 
Ittelson’s, 1960, neo-Helmholtzian anal- 
si order to examine Gibson’s inter- 
pretation, experiments are needed which 
jsolate motion perspective. Will motion 
perspective in isolation consistently 
yield an impression of depth which is 
compatible with the variability of > 
inal velocity? An early Pou 4 
Gibson and Carel (1952) produced neg- 
$ -esults. The source of stimulation 
sane ttery of scattered lights having 
was phe eral density. The battery 
ae the subject’s frontal plane and 
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appeared so when motionless. The lights 
could be moved across the field with a 
velocity which decreased from the bot- 
tom of the battery to the top. The dis- 
play was exhibited in the dark, and ob- 
servation was monocular. The gradient 
of retinal velocity thus produced should 
be sufficient to yield the perception of 
a surface which recedes from the sub- 
ject from bottom to top. This expecta- 
tion was not confirmed. A consistent 
impression of recession, slant, or rela- 
tive distance was not induced. 

Negative results were also obtained 
by Smith and Smith (1957, 1961) 
under different conditions. They inves- 
tigated the conditions necessary for the 
veridical perception of the convexity of 
a cylindrical textured surface. Rotation 
of the cylinder on its horizontal (long) 
axis was not sufficient to cause the cyl- 
inder to appear curved if it appeared 
flat when motionless. 

Subsequent experiments by Gibson, 
Gibson, and Smith (1959) have also 
failed to produce unequivocal results. 
A series of three experiments was con- 
ducted with the shadow projector de- 
scribed by Gibson (1957) and Gibson 
and Gibson (1957). Experiment I was 
a two-velocity experiment in which sub- 
jects were asked to describe what they 
saw in response to the differential trans- 
latory velocity of two circular spots or 
two superimposed textures composed of 
elements of indefinite- size and contour. 
Theoretically, the perceived distances of 
the two spots or textures should be in- 
versely proportional to the optical ve- 
locities. The results of the experiment 
did not confirm this expectation. The 
magnitude of apparent separation var- 
ied greatly between subjects, However, 
even more damaging was the fact that 
the direction of the difference in depth 
was not consistent between subjects, 
that is, almost 25% of the subjects re- 
ported that the spot or surface carrying 
the lesser velocity appeared nearer, The 
authors speculate that “perhaps it was 
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(the) lack of solid continuity or rigid 
connectedness between the nearer and 
farther surface which prevented the 
ideal possibility . from being re- 
alized [Gibson et al., 1959, p. 46].” 

For this reason Experiment II was 
conducted with a continuous flow of 
velocity produced by a single randomly 
textured surface slanted 45 degrees 
away from the translucent window of 
the shadow projector which was moved 
back and forth parallel to the screen. 
This situation is similar to the one pro- 
duced by Gibson and Carel (1952). 
The main result of Experiment II was 
that most subjects reported a rigid mov- 
ing plane surface slanting away from 
them at the top of the field. However, 
estimates of the slant varied from 12.5 
degrees to 60 degrees. Again the mag- 
nitude of the apparent separation was 
highly variable. 

Smith and Smith (1963) tested the 
Prediction that the inconsistencies ob- 
served by Gibson et al. (1959) would 
be eliminated by using a combination 
of two-velocity parallax and a contin- 
uous gradient of velocity flow. The re- 
sults did not support the prediction. 
The direction of apparent depth agreed 
with the requirements of the velocity 
Tatio; however, the magnitude of sepa- 
ration in depth of the surfaces was 
indeterminate. Also, contrary to the re- 
sults of Gibson et al. (1959, Experiment 
II) the continuous flow of velocities did 
not yield the perception of a slanted 
Surface, 
an results of the experiments re- 
i above do not confirm Gibson’s 
lation to of a strict psychophysical re- 

on between a continuous gradient of 
optical motion and perceived depth. 
ka nae failed to provide evi- 
tions TT motion perspective in isola- 
Pa the : sh to specify depth, slant, 
dëpik ee order of surfaces in 
sitive z wll be recalled that the 
(Beck me gradients in isolation 

» 1960; Gibson, Purdy, & Law- 


rence, 1955) also yielded inconsistent 
percepts. Apparently perception is not 
correlated with individual gradients of 
stimulation in a 1:1 manner. In light 
of this observation it seems more prom- 
ising to study various gradients in com- 
bination, for example, motion perspec- 
tive and textural density, instead of 
single gradients in isolation. Smith and 
Smith’s (1961) study of the perception 
of cylindricality illustrates the possibil- 
ities of this approach. 

Several general remarks are in order 
concerning the expectation that psycho- 
physical correspondence would be ob- 
served when only a single gradient is 
available. 

1. This expectation implicates certain 
assumptions concerning the properties 
of the environment. For example, with 
regard to the expected correlation be- 
tween apparent recession and optical 
density, there is the assumption that 
the elements which constitute the tex- 
ture of the environment are the same 
physical size and shape throughout. 
This is probably a safe assumption in- 
sofar as we deal with man-made sur- 
faces. However, when natural terrain is 
considered there is no compelling reason 
to believe that this is consistently the 
case. Many surfaces are admixtures of 
uniform physical texture and texture 
composed of elements of variable size 
and shape. The “ecological validity” 
(Brunswik, 1956) of the various optical 
gradients is not known. In fact Gibson 
and Flock (1962), in a discussion of 
the illusory closeness of mountains, 
have offered as an explanation the fact 
that “in the neighborhood of a moun- 
tain, the distant earth-shapes may be 
much larger than the nearer ones and 
the usual optical gradient will then be 
altered [p. 502].” This is presumed to 
produce the apparent nearness of the 
mountain despite the contradictory in- 
formation provided by the concurrent 
gradients of disparity and motion per- 
spective. 
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Gibson (1959) feels that the occur- 
rence of illusions and errors in percep- 
tion will not be explained in the same 
way as veridical perception. Supplemen- 
tary theoretical principles are required. 
As yet the details of this theory have 
not been advanced. However, a hint of 
what Gibson’s theory would be like with 
these corollaries added is given by his 
comments on the apparent distance of 
mountains (Gibson & Flock, 1962): 


There are many possible types of stimulus- 
information for distance in a natural optic 
array, some of them based on constant laws 
of geometry and optics, others based on 
probable but variable conditions of geological 
features, atmosphere, and illumination. Illu- 
sory perception will depend on the combina- 
tion of circumstances which holds for the 
particular situation, and also probably on the 
degree to which the attention of the observer 
has been trained to register the reliable in- 
formation in the array [p. 503]. 


This statement sounds very like those 
made by Brunswik (1956) regarding 
the learning by the observer of the 
ecological validity of cues. In fact, it 
is hard to see how Gibson’s system, in 
its final and complete form, will be able 
to retain its individual identity. 

2. Assumptions of a different sort are 
implied when other gradients are con- 
sidered. Two examples will illustrate: 
(a) When the objects under observation 
are not in the same line of sight, the 
prediction that differential retinal veloc- 
ity produced by actual movement in the 
field will yield veridical apparent rela- 
tive distance seems to require, in the 
case of a moving subject, the correct 
registration by that subject of the rela- 
tive rates of his movements when view- 
ing the objects whose distances are to 
be compared. A correct perception of 
the magnitude of the separation be- 
tween the objects would involve a cor- 

t perception of the absolute rate of 
Tech t. This is necessary if the pe 

: is to partial out the 
ce zu! o of differential retinal 
tisplacement. Such correct registration 
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would be a considerable achievement if 
the subject is undergoing passive loco- 
motion. (b) Another example concerns 
the gradient of relative size. It is evi- 
dent that this gradient in isolation is 
ambiguous for the same reason that the 
visual angle subtended by a single ob- 
ject is ambiguous. The continuous dim- 
inution of the angles subtended by a 
series of objects does not uniquely spec- 
ify recession since it is equally com- 
patible with a frontal-parallel series of 
objects which are actually regularly 
compressed in physical size. The am- 
biguity is eliminated if the subject as- 
sumes that the objects are the same 
size. Gibson (1950b) seems to recognize 
this when he writes of the “retinal gra- 
dient of size-of-similar objects.” Recent 
experiments by Epstein and Baratz 
(1964) have shown that the apparent 
relative distance produced by relative 
visual angle may indeed be governed by 
such assumptions. 


Continuous 
tions 


Perspective Transforma- 


The projection of a form or pattern 
on a non-frontal-parallel surface consti- 
tutes a perspective transformation of 
the form or pattern. In this sense the 
retinal projection of any form, pattern, 
or surface which is not in the subject’s 
frontal-parallel plane will constitute a 
perspective transformation. When either 
observer or object is in continuous 
motion the result is a continuous se- 
quence of perspective transformations. 

Most studies of the effect of trans- 
formation have presented the static end 
products of transformation, concealing 
from the subject the antecedent trans- 
formation sequence. This set of condi- 
tions must represent an atypical case. 
Behavior in the natural environment is 
marked by continual shifts of the head 
and body leading to continuous trans- 
formations of the retinal pattern. A pre- 
dilection for static stimulation also is 
evident in those few instances where 
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changing stimulation has been studied. 
As an illustration, Wallach and O’Con- 
nell (1953) in interpreting the kinetic 
depth effect (KDE) treat the contin- 
uous sequence of shadow transforma- 
tions as a series of independent static 
projections tied together by memory 
traces. It will be clear from the earlier 
discussion that Gibson takes exception 
to the traditional emphasis on static 
stimulation. According to Gibson the 
emphasis should be reversed. 

Only a small portion of the evidence 
on this question has direct Gibsonian 
origins. Moreover, the implications for 
Gibson’s theory have often not been 
made explicit by the original investi- 
gators. Therefore, their agreement with 
our conclusions cannot always be as- 
sumed. The studies reported by Gibson 
dealt with slant depth of surfaces. The 
experiments which derive their impetus 
from Wallach and O’Connell’s (1953) 
work on the KDE have involved the 
internal depth and coherence of com- 
plex forms, for example, a bent parallel- 
ogram, Finally, Langdon’s (1951, 1953, 
1955) investigations of shape constancy 
also have implications for Gibson’s 
view. 

_Slant Depth. Several experiments re- 
viewed in this section used a device 
called a shadow transformer invented 
by Gibson and Gibson (1957). A con- 
tinuous sequence of shadow transfor- 
mations is produced on a translucent 
Screen by a rotating object placed be- 
tween the screen and a point source of 
light which is positioned so as to pro- 
duce polar projection. 
aS and Gibson (1957) presented 
ae shadow sequences produced by 
kis two regular (closed-square, 

Sos i ors pattern) and two irregular 
“~~ aea aig, broken amoeboid) 
tion. g e 4 degrees of semirota- 
(a) Woul 
tions yiel 


re were two main questions: 
d the sequence of transforma- 
Be d the perception of a rigid sur- 

of changing slant? (b) Would 


judgments of the amount of slant cor- 
relate positively with the variations in 
the length of the transformation se- 
quence, that is, the degree of semirota- 
tion? The results for all four forms were 
affirmative on both counts. A separate 
control group was shown only the mo- 
tionless end point of a 60-degree trans- 
formation. For this group the irregular 
forms yielded judgments of “no slant,” 
whereas the regular forms were per- 
ceived as slanted. However, the amount 
of slant was greatly underestimated and 
was considerably less than the slant 
produced by the 60-degree transforma- 
tion sequence. Gibson and Gibson con- 
cluded that a perspective transforma- 
tion sequence is sufficient to produce an 
accurate perception of slant and rigidity 
regardless of the familiarity or tex- 
turedness of the form which carries the 
motion. 

This conclusion cannot be accepted 
without reservation. The appropriate 
ness of the control condition is ques: 
tionable. There is little reason to expect 
that exhibiting the end points should be 
equivalent to displaying the form in the 
numerous aspects of its transformation 
arc. The logical requirement is that no 
single static aspect or combination of 
discrete static aspects yield a perception 
of slant. Therefore, what is required is 
that a random sample of discrete static 
transformations be presented. If the 
subject fails to report changing slant, 
then we may conclude that a continuous 
and lawful sequence is essential. The 
second objection concerns an important 
difference between the control and ex- 
perimental conditions which may ac- 
count for the results. Under the ex- 
perimental conditions, the subject may 
safely infer that one and the same 
object is being presented in various 
aspects. On the other hand, when iso- 
lated static aspects are presented the 
subject cannot be certain of the con- 
tinuing identity of the shadow-casting 
object. The apprehension of physical 
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identity is crucial since without it the 
shadow transformations could just as 
well be perceived as continuous defor- 
mations in the plane of the screen. 

That these arguments need to be 
taken seriously is indicated by the re- 
sults of Sidorsky (1958), White (1962), 
and Epstein and Mountford (1963). 
Sidorsky (1958) found that subjects 
could accurately judge their own ap- 
parent rotation in the medial plane 
when presented with static perspective 
transformation of a grid-patterned sur- 
face as viewed at different pitch an- 
gles. Epstein and Mountford (1963) 
presented the static end products of 
various amounts of transformation of 
rectangular representational and non- 
representational forms. Judged slant 
was found to vary systematically with 
the degree of transformation. A general 
rule may be that any deformation of 
contour or surface texture which rep- 
resents a deviation from modal regular- 
ity will produce a depth displacement. 

White’s (1962) experiment is espe- 
cially interesting. White puts the ques- 
tion this way: 


If the moving presentation is effective merely 
because it provides more looks at the pattern 
which are not completely redundant, then 
the order in which these looks are presented 
should not make any difference in the ac- 
curacy of judgment. If, however, the transi- 
tions between looks are important, then dis- 
rupting the order in which the looks are 
presented should impair the accuracy of the 
judgment [p. 75, italics added]. 


In order to examine this question White 
showed subjects a motion picture which 
displayed either an orderly sequence of 
transformations of an unfamiliar 3D 
rigid form tumbling about a fixed 
center, or a scrambled series in which 
the same frames were randomly a 
At the conclusion of the movie the sub- 
sect was asked to select a still picture 
a the standard form in a new orienta- 
. om a set of four similar forms. 


i ri 
Bni as no difference between the 
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judgments based on the ordered and 
scrambled series. It seems that insofar 
as accuracy of identification is con- 
cerned the regularity of the sequence is 
not critical. 

The results of these experiments have 
bearing on two salient aspects of Gib- 
son’s view. First they raise questions 
concerning the evidential basis for Gib- 
son’s reiterated insistence that the se- 
quence itself is a stimulus, for example, 
“the form of the change of form of the 
stimulus is what determines the percep- 
tion [Gibson & Gibson, 1957, p. 13717 
Second, doubts arise concerning the cri- 
terial validity of the regular perspective 
transformation sequence. The fact that 
a source may be mathematically spec- 
ified by a given sequence in an un- 
equivocal manner cannot be taken to 
imply that the subject uses this rela- 
tionship. 

Internal Depth. The experimental in- 
vestigations of the perception of inter- 
nal depth through motion have been 
reviewed by Metzger (1953, Ch. 13) 
and Braunstein (1962).? The following 
discussion will focus on the KDE. 
Under certain conditions, a sequence of 
transforming shadows will appear as a 
rigid form, having internal depth and 
turning in depth. This has been labeled 
KDE by Wallach and O’Connell 
(1953). The above definition is incom- 
plete since it does not specify two im- 
portant conditions for demonstrating 
KDE. (a) The familiar cues for relative 
distance must be absent. In contrast 
with Gibson and Gibson’s (1957) situa- 
tion, this requirement implies the use 
of parallel rather than polar projection. 
(b) None of the static aspects of the 
transformation sequence should yield a 


*Of historical interest is Miles? (1931) 
discussion of the movement interpretations 
of the silhouette of a revolving two-blade 
electric fan. Miles traces the irregular history 
of this problem back to a description by 
Nicholson (1802) of a theater exhibition in 
London. 
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perception of depth. None of the better- 
known studies of KDE have provided 
satisfactory evidence that the second 
requirement was fulfilled. There is good 
reason to doubt whether this criterion 
can be met with figures which have 
many interior angles and lines. In 
fact, Fried (1960) tested Wallach and 
O’Connell’s (1953) figures, and con- 
cluded that only the single bent rod 
appeared flat in its various static trans- 
formations. 

The basic fact of KDE is plainly 
consistent with Gibson’s views. A con- 
tinuous sequence of transformations is 
shown to be sufficient to determine the 
perception of a rigid turning form. 
However, Gibson’s theory demands 
more than this. First, it requires that 
variability of perception be small. Sec- 
ond, that the perceived form be in good 
correspondence with the actual shadow- 
casting form. Finally, perceived turning 
should also be in good agreement with 
the actual turning. Data on these ques- 
tions can be found in the work of 
Wallach and O’Connell (1953, pp. 211- 
212), White and Mueser (1960), Green 
(1961), and Epstein (in press). 

Wallach and O’Connell (1953) asked 
20 subjects to make judgments of the 
form of the shadow-casting object im- 
mediately following the kinetic presen- 
tation. For the wire helix, subjects were 
instructed to fashion a piece of wire 
Into the shape of the shadow-casting 
figure. The reproductions were better 
than those made by the same subjects 
while they looked directly at the turn- 
Ing figure. For the 110-degree parallel- 
ogram, subjects were asked to select a 
match from a set of four alternatives 
which included a copy of the standard 
and three variants. Seventeen of 30 sub- 
uk the exact copy as their 
= pa It would appear, therefore, that 
os ra reception of internal depth based 

ey on kinetic stimulation is accurate. 

his conclusion was confirmed and 


191 


extended in an experiment by Epstein 
(in press). Judgments of internal depth 
and amount of turning were found to 
be in good agreement with the actual 
oscillation and objective depth of a 
120-degree bent parallelogram. Accu- 
racy did not vary significantly as the 
length of the transformation sequence 
varied from 15 to 85 degrees. Appar- 
ently, a sequence produced by oscilla- 
tion through an arc of 15 degrees is 
sufficiently informative, and lengthening 
the transformation sequence contributes 
nothing to accuracy. It remains to be 
determined whether this is true inde- 
pendently of the locus of transforma- 
tion, for example, 40-55 degrees instead 
of 0-15 degrees. There is the possibility 
of an interaction of length and locus. 
Also of interest would be to determine 
whether identical optical transforma- 
tions have equivalent perceptual effects 
regardless of their source, for example, 
passive movement of the subject com- 
pared with movement of the object. 
The experiments of Wallach, O’Con- 
nell, and Epstein have utilized as their 
shadow-casting objects figures com- 
posed of connected lines varying in 
length and orientation. However, KDE 
may also be obtained by rotating a dis- 
play which consists of an arrangement 
of unconnected straight lines. For ex- 
ample, four vertical pegs arranged at 
the corners of a square will appear as a 
rigid spatial arrangement turning about 
its center. White and Mueser (1960) 
studied the subject’s ability to recon- 
struct the arrangement of pegs under 
variations of the shape and number of 
pegs constituting the display, the speed 
of rotation, and the exposure duration. 
Under all conditions, excepting the 
static presentations, subjects reported 
immediate perceptions of a stable rigid 
arrangement rotating in depth. How- 
ever, most subjects were unable to re- 
produce the arrangement with greater 
than chance accuracy. Additional evi- 
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dence that accuracy is low for uncon- 
nected arrangements may be inferred 
from the results of Green’s (1961) Ex- 
periment VI. i 

It appears that accuracy is enhanced 
by two properties of the display: com- 
plexity, for example, interior angles, and 
connectedness. Should an explanation of 
this observation be forthcoming it will 
probably be intimately related to the 
answer to a more basic question. Why 
does the sequence of shadows appear as 
it does, instead of appearing as a con- 
tinually deforming two-dimensional pat- 
tern? It is not sufficient for Gibson to 
reiterate that sequences are stimuli for 
depth and solidity. This may (or may 
not) be an empirical fact; however, it 
cannot be adduced as the explanation 
of the specificity of perception. Nor is 
it sufficient to demonstrate that the sub- 
ject can discriminate between two sim- 
ilar transformation sequences, one pro- 
duced by turning a rigid surface and 
the other by an elastic surface which 
has been made to contract (Fieandt & 
Gibson, 1959), 

The answer appears to rest in Gib- 
son’s implicit adherence to a variant of 
the Gestalt principle of Pragnanz. Ac- 
cording to this principle the 3D rigid 
appearance is a reflection of the sub- 
ject’s preference for the simpler percept. 
Or in the alternative terminology of in- 
formation theory: “Other things equal, 
that perceptual response to a stimulus 
will be obtained which requires the 
least amount of information to specify 
[Hochberg, 1957, p. 83].” Gibson is 
cited by Hochberg (1957, p. 83) as one 
of those who subscribed to this prin- 
ciple. If we are correct in ascribing the 
minimum principle to Gibson, then this 
is certainly an instance where the psy- 
chophysical hypothesis has been oe 

ded. Perception no longer is stric ly 
i tion of stimulation. Rather it is 
a ae by a selective principle built 

ve the perceptual system. The inclu- 


sion of a selective principle robs Gib- 
son’s thesis of its attractive simplicity. 
It also carries the implication that a 
sequence of transformations which re- 
quires less information to specify as a 
continually deforming two-dimensional 
pattern will be perceived as such, in- 
stead of as a turning rigid form. It is 
obvious that this outcome would be in- 
compatible with the unamended Gib- 
sonian interpretation. Some evidence 
that two-dimensional deformations are 
perceived under these circumstances 
has, in fact, been reported by Metzger 
(1959). 

The Perceptual Constancy of Turn- 
ing Shapes. The question of shape con- 
stancy has been discussed in great detail 
elsewhere (Epstein & Park, 1963). Here 
we will mention only Langdon’s studies 
as they bear on the relationship between 
transforming stimulation and percep- 
tion. In normal observation the contour 
of an object is not given as an instance 
of static nonchange, or as a series of 
discrete transformations. Instead the 
contour is usually represented by a con- 
tinuous family of perspective transfor- 
mations. While this is true for the nu- 
merous states of the same contour, it 
need not be true for the differences be- 
tween the contour shapes of different 
objects, or the differences between the 
contours of objects which are actually 
undergoing physical change. One impli- 
cation of this analysis is that the tra- 
ditional formulation of the constancy 
problem is misleading since it focuses 
on the relation between discrete static 
transformations and perceptual stabil- 
ity. A second implication is that con- 
tinuous transformation should enhance 
shape constancy. Although Langdon has 
not followed the route we have just 
taken, he has conducted a series of 
experiments which examine the second 
implication. 

For the present analysis the main 
finding of Langdon’s (1951, 1953, 
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1955) experiments is that the rotation 
of shapes, under conditions such that a 
stationary presentation yields no con- 
stancy, will be sufficient to restore con- 
stancy. The degree of perceptual con- 
stancy was positively correlated with 
speed of rotation or rate of change of 
shape. These results were obtained both 
with simple outline figures, for example, 
a wire circle, and complex “solids,” for 
example, a wire cube. Langdon criticizes 
the kind of explanation which Gibson 
might advance and offers an alternative. 
In any event, Langdon’s results provide 
evidence for Gibson’s view that the 
stimulation most useful for achieving 
a stable visual world is not constant 
nonchanging stimulation, but is in- 
stead stimulation undergoing continu- 
ous change. 


Size Transformations 


Continuous displacement of a frontal- 
parallel surface in a radial line from the 
subject yields a size transformation of 
the retinal image. Diminution of dis- 
tance produces a symmetrical expansion 
of the image, and increasing distance 
results in a symmetrical contraction. If 
the surface moves back and forth, then 
One transformation sequence is a se- 
quential inversion of the other. 

While size transformations have long 
been recognized as cues for relative dis- 
tance there has been little experimental 
work on this topic. Some of the early 
work (e.g., Bourdon, 1902) has been 
reviewed by Woodworth (1938, Ch. 26) 
and Boring (1942, Ch. 8). We have 
uncovered only three recent studies ad- 
dressed to this question (Ittelson, 1951; 
oit, Caviness, & Gibson, 1962; 
TA 1951). There is some disagree- 
ae alien whether the perceived radial 
tae it Produced by size transformation 
ath sey by the subject’s assump- 
Pe Ps out the target. Ittelson (1951) 
os es evidence that assumptions 

Out, and prior experiences with, the 


transforming target are important de- 
terminants. Smith's (1951) experiment, 
on the other hand, failed to support this 
view. However, both of these investi- 
gators do provide clear-cut evidence 
that under appropriate conditions size 
transformations will yield perceived 
radial motion. In addition, the studies 
concerning prediction of time of colli- 
sion (Carel, 1961) have shown that this 
effect is lawfully related to the amount 
of transformation. 

The recent experiment by Schiff, 
Caviness, and Gibson (1962) illustrates 
the experimental investigation of this 
cue. Twenty-three monkeys were ob- 
served responding to four stimuli: ex- 
pansion of a circle projected on a 
screen, contraction of the circle, darken- 
ing and lightening of the screen. Two 
very different modes of behavior were 
observed as responses to the size trans- 
formation. The expanding circle led to 
alarmed withdrawal, as if to avoid colli- 
sion. The contracting circle led to ex- 
ploratory responses. The results for the 
brightness variations showed that this 
variable cannot account for the effects 
of size transformation. Schiff et al. 
(1962) conclude that size transforma- 
tions are sufficient stimuli for radial 
motion. They do not consider the possi- 
bility that size transformations merely 
produced changes in perceived size 
without affecting perceived distance, 
and that sudden, rapid changes in per- 
ceived size produce withdrawal or ap- 
proach responses. 


CONCLUSION 


In concluding we wish to consider 
briefly several general questions. 


1. The possibility that the constancy 
hypothesis is sufficient. There were two 
steps required for the successful resur- 
rection of the constancy hypothesis as 
an account of veridical perception. First 
it must be proved that some variable of 
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stimulation unequivocally specifies the 
distal source. Secondly it must be shown 
that the total variance in perception can 
be attributed to variance in the prox- 
imal stimulation. 

While Gibson has offered persuasive 
arguments concerning the specificity of 
stimulation he has only rarely (eg., 
Gibson, Olum, & Rosenblatt, 1955) 
attempted the mathematical analyses 
which are demanded. Several unpub- 
lished theses by Gibson’s students 
(Hay, 1961; Purdy, 1958) have made 
admirable efforts to achieve this objec- 
tive, and they deserve careful study. 
However, certain physical properties of 
the environment (such as rigidity) have 
been accepted as primitive and hence 
have escaped analysis. What makes this 
procedure unsatisfactory is not the im- 
plausibility of the assumptions. The as- 
sumptions are not extravagant, nor is it 
by itself improper to postulate certain 
premises in writing geometrical relation- 
ships. Our discomfort arises from the 
fact that some of the properties which 
are assumed are the very ones which 
Gibson’s theory is intended to explain. 

Concerning the psychophysical hy- 
pothesis it can be said that Gibson has 
not proved his case. The experimental 
data simply do not support the hypoth- 
esis of perfect psychophysical corre- 
spondence. Nor does the evidence sup- 
port the contention that perception is 
“in contact with the environment,” that 
is, veridical, in cases of psychophysical 
correspondence. ne 

The question of veridicality has a 
long history in philosophical analysis, 
and we would wish to avoid the ques- 
tion. However, an evaluation of Gib- 
son’s thinking would be incomplete 
without a discussion of this matter. We 

are uncertain about the value of intro- 
ducing the conventionally defined rela- 
A of veridicality into a theory of 
ea tion. It is clear in Gibson’s case 
ane account of perception is con- 


tained in the psychophysical hypothesis 
which relates percepts to proximal stim- 
ulation, and need not involve any as- 
sumptions concerning the distal-prox- 
imal or distal-perceptual relationships. 
The introduction of veridicality consid- 
erations leads Gibson to distinguish 
between perceptual events on bases 
other than the subject’s response, or an 
analysis of stimulation. For example, 
suppose Subject X looks into an optical 
tunnel and reports that he sees a solid 
tunnel. Subject Y is shown a real tunnel 
which provides identical stimulation, 
and he too reports that he sees a tunnel. 
Applying the label “veridical” to Y’s 
report and “nonveridical” to X’s report 
hardly seems a useful exercise. 

2. Is a correlational theory sufficient? 
In reviewing Gibson’s The Perception of 
the Visual World Boring (1951) ad- 
vanced the following criticism: 


What Gibson calls a “theory” is thus only a 
description of a correlation, a theory which 
tells how but skimps on why . . , eventually 
science must go deeper into the means of 
correlation, must show in physiology why a 
gradient of texture produces a perceived 
depth, not merely that it does [p. 362]. 


Prentice (1951) in his review has made 
the same criticism of Gibson, 

Putting aside the question of whether 
Gibson needs more physiology or more 
psychology we would agree that he 
needs more theory. In our view Gibson 
has tried to capture too much empirical 
terrain with too little theory. The con- 
sequence has been the unintended de- 
velopment of implicit theoretical prop- 
ositions which are applied when the 
explicit theory is confronted by an 
emergency. These hidden theoretical 
principles can be employed only at the 
peril of internal inconsistency, Gibson’s 
theory needs deliberate revision, 
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Masochistic behavior is defined as a change in response to punishing 
stimuli which may take the form of simple desensitization at one ex- 
treme to continued, self-aversive stimulation at the other. Experimental 
findings reflecting such changes are cited and some of the conditions 
necessary for demonstrating these effects are analyzed. The manner in 
which the scheduling of events may be involved is also suggested. The 
approach which is advocated seems to offer a fruitful alternative to 
current popular conceptions of masochism. 


The customarily held opinion that 
man seeks pleasure and avoids pain has 
been central to most attempts to pre- 
dict and control human behavior. Rec- 
ognizing, however, that few situations 
are either completely punishing or com- 
pletely pleasurable, learning theorists 
(Guthrie, 1935; Mowrer, 1960; Skin- 
ner, 1953) have expanded this principle 
to encompass a wider range of human 
events. In this connection, one argu- 
ment which has a high degree of con- 
Sensual validity maintains that some 
degree of pain is involved in all be- 
vavior, even though this may be merely 
in the form of effort, apprehension, etc. 

Town, 1955). Restating the law of 
effect then, other things being equal, 
those situations which involve relatively 
i. pleasure and relatively little pun- 
P ment will lead to continued function- 
È . and those events where the reverse 
in ie will result in decreased respond- 
ale = Monier (1960) states, “It is 
ani & en the pain is relatively great 
melong reward obscure that continued 
436] p gives rise to confusion [p. 
be i 5 ehavior under these conditions 
gat be termed masochistic. 
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The concept is no longer restricted to 
perverse erotic experiences (Reik, 1957) 
but is often used to describe any situa- 
tion which encompasses continued func- 
tioning in the face of punishing conse- 
quences, where common sense dictates 
a contradiction to a simple punishment 
effect. 

As is true with most clinical con- 
cepts, then, the application of the term 
masochism implies the aberrant, un- 
usual, or bizarre. Most of the current 
information relating to the topic stems 
from an accumulation of clinical ex- 
periences often formulated within the 
psychoanalytic framework which em- 
phasizes the importance of guilt, super- 
ego conflict, etc. The view advocated 
here, however, is that masochistic be- 
havior represents an extension of learn- 
ing principles and a systematic analysis 
of the phenomenon will reveal the vari- 
ables which mediate such events. It is 
the purpose of this paper to provide an 
empirical definition of masochism which 
also reflects the predominant features 
of the clinical event, to review some 
of the relevant experimental findings 
which have reported the development 
of masochistic behavior in the labora- 
tory situation, and to summarize the 
variables reflected in these investiga- 
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tions which seem to mediate the phe- 
nomenon in question. 


A DEFINITION OF MASOCHISM 


The masochist seems to be the pe- 
culiar individual who continues func- 
tioning where the punishment is pre- 
potent; that is, where common sense 
tells us the typical reaction to a given 
stimulus is avoidance. Any empirical 
definition must attempt to include this 
quality of the concept. The crux of the 
issue rests on demonstrating the typi- 
cally noxious effects of a stimulus, on 
the one hand, and the absence or modi- 
fication of this reaction in the mas- 
ochistic situation, that is, a change in 
reaction to what is typically regarded 
as a punishing stimulus. For our pur- 
poses, then, machochism will be re- 
garded as having been demonstrated in 
those instances where an empirically 
determined noxious stimulus, defined in 
terms of a pain response (avoidance, 
withdrawal, howling, leaping, etc.) does 
not reveal such effects in another in- 
tact member of the same species. Within 
this framework, masochism may take 
the form of simple desensitization at 
one extreme, to the actual performance 
of an act which produces the noxious 
stimulus, at the other extreme. 


RELEVANT RESEARCH 


There have been few attempts to in- 
vestigate the phenomenon of masoch- 
ism as such. However, a considerable 
number of studies have reported find- 
ings relevant to the above definition. 
In some cases, punishment was shown 
to have little influence on ongoing ac- 
tivities; in others punishment was 
shown to have facilitated performance 
and, in still others, punishment was 
hown to have actually maintained be- 
ior. An arbitrary distinction of these 
a nae ee is made in terms of those 
revealing the above effects. 


Punishment 


No Effect on Behavior. Perhaps the 
earliest finding with regard to unusual 
reactions to punishment is reported by 
Pavlov (1960). In these instances, the 
expected response to severe, painful 
stimuli (intense electric shocks and skin 
lacerations) was not observed. Pavlov 
(1960) described the finding in this 
fashion: “under the very closest scru- 
tiny, not even the tiniest and most 
subtle objective phenomenon usually 
exhibited by animals under the influ- 
ence of strong, injurious stimuli can be 
observed in these dogs [p. 30].” 

Other investigators, working within 
the classical conditioning framework 
(Liddell, 1944; Slutskaya, 1928), re- 
ported similar findings in children and 
in a pig, respectively. In each of these 
instances the noxious event was intro- 
duced in typical conditioning stimulus 
fashion. 

Still others, working within the frame- 
work of other methods, have confirmed 
these observations, For example, Mowrer 
and Viek (1948) were able to reduce 
the suppressive effects of shock on eat- 
ing behavior in rats. In this case, rats 
trained to run a maze for food were 
shocked 10 seconds after eating. In one 
group, the shock was terminated by a 
vertical leap in the air. A second group 
of rats was administered a physically 
identical shock independent of any ac- 
tivity. Far greater eating inhibition 
took place in the group which had no 
“control” over shock termination. More 
recently, Miller (1960) was also able 
to reduce the typically noxious effects 
of shock on eating behavior in rats. 
Control subjects, trained to run to a 
goal for food and suddenly exposed to 
strong shock at the goal revealed far 
greater eating inhibition than did rats 


exposed to gradually increasing shocks 
at the goal. 
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Facilitating Behavior. The view that 
punishment can serve to facilitate be- 
havior under certain conditions has re- 
ceived considerable support. Muen- 
zinger demonstrated such effects in a 
series of investigations stretching back 
to the early thirties. The initial find- 
ing (Muenzinger, 1934), that a shock 
which was twice the threshold value for 
young rats (Muenzinger & Mize, 1933) 
would actually facilitate the learning of 
a light-dark discrimination beyond the 
influence of reward alone, was con- 
firmed in a number of subsequent in- 
vestigations (Muenzinger & Baxter, 
1957; Muenzinger, Bernstone, & Rich- 
ards, 1938; Muenzinger, Brown, Crow, 
& Powloski, 1952; Muenzinger & Pow- 
lowski, 1951; Muenzinger & Wood, 
1935), Likewise, Drew (1938) and 
Freeburne and Taylor (1952) found 
that ’ shock enhanced discrimination 
learning in rats beyond the effects of 
reward alone. 

Rosenblum and Harlow (1963) re- 
Port a similar effect in connection with 
a different species operating in a dif- 
ferent procedure. They provided six 
infant rhesus monkeys with free access 
to a cloth surrogate mother. Two of the 
monkeys were exposed to 45 seconds of 
an air blast while on the surrogate, de- 
livered at irregular periods of time. 
Preliminary observations had demon- 
Strated such a stimulus to have strong 
aversive qualities for infant rhesus mon- 
is (p. 83). The results revealed that 

e punished monkeys spent a signifi- 
al longer period of time with the 
S gate than did the nonpunished 

Jects. The authors (Rosenblum & 


2 arlow, 1963) concluded 
Vversive stimulus can au 


si 
sath to the surrogat 
@ ; ; 2 SNe 
aversive stimulus is coincident spa- 


tially and 
temporally wi g 
contact [p. gare y with surrogate 


that “an 
gment respon- 
e even though 


aintaini ji 
aming Behavior. Perhaps most 


convincing are those studies which re- 
veal behavior being maintained by 
noxious stimuli. These efforts are char- 
acterized by resistance to extinction as 
a consequence of punishment occurring 
during acquisition as well as during ex- 
tinction. 

Several observations are reported by 
Masserman (1946) which reveal the 
development of this form of masochistic 
behavior. Here, cats were trained to 
press a switch for food reward. Air 
blasts of gradually increasing intensity 
were then added as a second contin- 
gency to the switch press response. 
Previously, the air blast was shown to 
have aversive qualities (p. 75). Finally 
the food was withdrawn and the cats 
continued to work the switch for air 
blasts alone, thus exposing themselves 
to punishment. 

Brown and his associates have con- 
ducted a series of studies clearly dem- 
onstrating the manner in which behav- 
ior can actually be maintained through 
punishment in a shock escape situation. 
The assumption here is that electric 
shock may be regarded as a primary 
drive source (Brown, 1961). In the first 
of these attempts, an unpublished ob- 
servation cited in Mowrer (1950), a rat 
was trained to run an alley to escape 
shock. After training, the shock was ad- 
ministered only in a small area just 
prior to the escape box. The results in- 
dicated that the inclusion of this stimu- 
lus led to increased resistance to extinc- 
tion despite the fact that merely re- 
maining in the starting box would have 
led to shock avoidance. In a similar 
procedure, Gwinn (1949) found that 
rats trained in this fashion would run 
the alley faster and resist extinction 
longer (thus also receiving more extinc- 
tion shocks) than did control rats that 
were not shocked during extinction. In- 
terestingly enough, during extinction, 
some of the experimental subjects were 


200 JACK SANDLER 


exposed to twice the initial shock used 
in training but this seemed to have 
little effect in reducing running rates. 

More recently, Brown, Martin, and 
Morrow (1964) have shown that these 
effects can be even further enhanced by 
modifying the procedure. In two ex- 
periments, rats were trained to escape 
shocks in a starting box by running 
down a 6-foot alley into an uncharged 
goal box. During “extinction” shock 
was withdrawn from the starting box, 
but some groups were exposed to shock 
in part or all of the alley. Control rats 
received no shock, providing evidence 
of the usual extinction process. In the 
first study, the introduction of alley 
shock had no effect on interfering with 
running rates. This procedure was then 
slightly modified (reducing extinction 
shock, reducing the number of escape 
trials, and providing for a more gradual 
transition from acquisition to extinc- 
tion) in an attempt to enhance resist- 
ance to extinction in the alley-shock 
groups. The results clearly revealed that 
rats shocked during extinction under 
these conditions ran more rapidly and 
over a longer period of time (thus 
needlessly exposing themselves to pain- 
ful experiences) than did the control 
rats. The authors concluded that the 
repeated approaches toward noxious 
stimuli developed by these procedures 
justify describing the behavior as “mas- 
ochisticlike.” 

Azrin and his associates (Azrin, 1959, 
1960; Azrin & Holz, 1961; Holz & 
Azrin, 1961) provide further evidence 
of the extent to which punishing con- 
tingencies can contribute to resistance 
to extinction. The importance of these 
efforts for the present analysis rests in 
the fact that the administration of the 
noxious stimulus is generated by a spe- 
cific response under the organism’s own 
control. Furthermore, the procedure in- 


olves positive reinforcement rather 
Vi 


than two extensities of punishment as 
in the Brown situation. Although the 
investigations were primarily designed 
to determine the effects of punishment 
on operant responding under various re- 
inforcement schedules, the findings are 
directly relevant to the topic at hand. 
Their method involves the pigeon peck- 
ing response in the typical Skinner box 
situation. Various schedules of food re- 
inforcement are delivered during which 
time the pigeon’s behavior is shaped up. 
Following this, shock of varying in- 
tensities and duration is introduced as 
a second contingency to the pecking re- 
sponse. Included in their results (Azrin, 
1960) are data which indicate that 
pigeons will shock themselves literally 
hundreds of times in order to receive 
food on an intermittent basis. The ex- 
tent to which this behavior is main- 
tained is apparently a function of a 
number of variables including shock in- 
tensity and reinforcement schedule. In 
general, however, they offer strong evi- 
dence of an animal’s continued respond- 
ing for stimulation which it would ordi- 
narily avoid, with little interference of 
typical reinforcement-schedule effects. 
In the most definitive study of these 
events (Holz & Azrin, 1961) evidence 
is offered which reveals that pigeons 
increase their response rates as a func- 
tion of punishment alone. In this study, 
subjects were run under two different 
daily conditions, one in which the re- 
Sponse contingency was variable-inter- 
val food reinforcement and continuous, 
60-volt shock; and a second, independ- 
ent, daily extinction session without the 
reinforcement-shock contingency. The 
sessions were randomly arranged to 
eliminate the Possibility of the subjects 
establishing a procedural discrimina- 
tion. The results indicated that respond- 
ing for shock and food was always 
greater than in the alternate sessions. 
Furthermore, this behavior was main- 
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tained even when the reinforcement was 
withdrawn, revealing that response rate 
was a function of shock alone. Finally, 
the introduction of shock alone into the 
extinction sessions resulted in immedi- 
ate increases in response rate. Holz and 
Azrin (1961) summarized their findings 
in this fashion: 


These experiments demonstrate that a rela- 
tively severe punishment can increase re- 
sponding. - .. This procedure of selectively 
pairing a stimulus with a reinforcer is the 
usual procedure for establishing a discrimi- 
nation, This discriminative property that the 
punishment acquired produced the apparent 
anomaly, Indeed, the discriminative property 
came to exert an even greater effect on re- 


ponding than did the aversive property [p. 


DISCUSSION 


The experimental findings cited in the 
preceding section are offered as experi- 
mental analogues to various clinical 
forms of masochistic behavior. In each 
case, the action of punishment has re- 
vealed a change in the expected re- 
Sponse to noxious stimuli. In the most 
dramatic examples, organisms have 
been found actually working for pun- 
ishing results. That such effects can be 
demonstrated has been suggested by 
Several authorities. Guthrie (1935) as- 
serted that aversive stimuli will lose 
their power to evoke avoidance re- 
Sponses if they are repeatedly presented 
when responses incompatible with pun- 
ishment are prepotent. Skinner (1953) 
proposes two forms of masochism. In 
moe how self-injury may be ar- 
re ged, he states that individuals might 
ie themselves to aversive stimula- 
oon by doing so, they avoid even 
Ta consequences. In another 
Da tea €, aversive Stimuli might be 
ee Wih the reinforcer which fol- 
poh Siven activity. The end result 

y be that “the aversive stimulus be- 


Comes positively rei ing i 
y reinforcing in the same 
Process [Skinner, 1953, p. 367]? 


Surprisingly, this view is in accord 
with analytical thinking. Thus, Fenichel 
(1945) states several conditions under 
which masochism might occur: 


Certain experiences may have so firmly estab- 
lished the conviction that sexual pleasure 
must be associated with pain that suffering 
has become the prerequisite for sexual pleas- 
ure [p. 357]. 


He further adds: 


Masochistic activities may follow the mecha- 
nism of “sacrifice”; the price beforehand is 
made to appease the gods and to make them 
contented at a relatively small cost. Masoch- 
istic activities of this kind are a “lesser evil” 
[p. 358]. 


Stripped of his analytical terminology, 
Fenichel seems to be describing the 
same arrangement as Skinner. More re- 
cently, Kelleher and Gollub (1962) 
have likewise indicated that: 


under appropriate experimental conditions, a 
positively or negatively reinforcing stimulus 
can be established as a positive conditioned 
reinforcer [p. 590]. 


The factors governing such events 
have not been explicitly formulated but 
some clues are offered by the literature. 
First, in order for the phenomenon to 
appear, it seems clear that the punish- 
ing event must be introduced only 
after a response has been established 
in the usual reinforcing paradigm. Sec- 
ondly, the punishment must be intro- 
duced in such a way that the response 
is not completely inhibited during ac- 
quisition. This is precisely the view of- 
fered by Martin (1963) wherein he 
suggests that such an arrangement will 
lead to greater resistance to extinction 
than is the case with reward alone. To 
the extent that Martin is describing the 
facilitative or maintenance effects of 
punishment, he is also discussing the 
masochistic event as herein defined. 
The number of studies cited revealing 
masochistic findings suggests that the 
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phenomenon is genuine and repro- 
ducible. The conditions necessary for 
a punishing stimulus to lose its noxious 
effects, or to facilitate learning, or to 
elicit behavior have been explicated by 
the various investigators as well as sum- 
marized by Kelleher and Gollub (1962) 
and Martin (1963). Obviously, in any 
given instance certain limiting factors 
(frequency of association between re- 
ward and punishment, strength of pun- 
isher, degree of deprivation, etc.) may 
serve to enhance these effects. The ex- 
act nature of these limiting conditions, 
however, are amenable to experimental 
analysis. 

Such a view offers a general ap- 
proach to an experimental attack on 
masochistic behavior. One other condi- 
tion deserves to be mentioned which 
may be particularly crucial in the cur- 
rent analysis. For example, some at- 
tempt must be made to provide for the 
maintenance of punished, nonreinforced 
behavior over longer periods of time 
than has currently been demonstrated 
since this would provide even more con- 
vincing data to support the argument. 
One possibility here stems from research 
investigating the effect of partial re- 
inforcement schedules. There is little 
doubt that the appropriate scheduling 
of events has a powerful influence on 
response durability (Ferster & Skinner, 
1957). Thus, behavior can be main- 
tained over long periods of time in the 
absence of reinforcement through the 
use of training under intermittent sched- 
ules. This factor, together with the es- 
tablishment of shock as a discrimina- 
tive stimulus, seems to be responsible 
for the high rates of self-aversive stimu- 
lation which Azrin and his associates 
report. The author (Sandler, 1962) has 
confirmed these findings in five marmo- 
set monkeys. Organisms operating un- 
ar these conditions reveal continued 


esponding in the face of repeated pun- 
rë g 
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ishment. If observations of these sub- 
jects are limited to those periods of re- 
sponding during which no reinforce- 
ment occurs (often as high as 95% of 
the time) one might even conclude that 
these are truly masochistic creatures. 

Manipulating reward and punishment 
schedules during acquisition and extinc- 
tion might provide further data of an 
even more convincing nature. 


CONCLUSIONS 


There seems to be little doubt 
that characteristic reactions to painful 
stimuli can be modified by experimental 
techniques. Even more to the point, or- 
ganisms can actually be made to work 
for punishment. Further efforts to ana- 
lyze the variables underlying such phe- 
nomena within a learning framework 
will, no doubt, provide additional 
knowledge regarding the prediction and 
control of such forms of behavior. 
Aside from the clinical implications, 
the view espoused here has bearing on 
conceptual issues. The typical use of 
the term masochism carries with it 
certain unfortunate consequences. Pri- 
marily, it focuses on current activities, 
emphasizing the bizarre qualities of the 
behavior, to the neglect of other factors 
which may be even more important de- 
terminants (e.g., the reinforcement, the 
association between the reinforcement 
and the punishment, etc.). Further- 
more, there is an implied assumption 
regarding the absolute nature of stimuli; 
that is, certain stimuli always have cer- 
tain effects and any deviation consti- 
tutes an anomaly. Yet common sense 
observation recognizes the existence of 
an infinite number of circumstances in 
which people readily expose themselves 
to painful experiences, Even presumed, 
irreversible patterns of avoidance be- 
havior in relatively simple organisms 
can be modified quite readily (Schneirla, 
1959). Finally, the search for clues un- 
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derlying masochistic behavior usually 
involves such terms as guilt feelings, 
superego conflicts, etc.; none of which 
have proven very fruitful in providing 
basic insights into the general phenome- 
non. Current experimental evidence of- 
fers, at least, a promising suggestion 
that such events can be subsumed 
within a framework of learning princi- 
ples without recourse to such concepts. 
Perhaps, then, psychology would be bet- 
ter served if the term masochism was 
completely eliminated from our vocabu- 
lary. When faced with a situation which 
represents an inconsistency in expected 
forms of behavior, extensions of the 
laws of learning might supply some of 
the answers, and a comprehensive analy- 
sis of an individual’s reinforcement his- 


tory might better serve treatment pur- 
Poses, 
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This paper evaluates the critical review of the dissonance literature by 
Chapanis and Chapanis (1964) and concludes that these authors, for 
the most part, do not accomplish what they purport to, i.e„ the presen- 
tation of alternative explanations of the findings they deal with. The 
“methodological inadequacies” discussed by the Chapanises are viewed 
as acceptable procedures and necessary components of the inductive 
process. An alternative explanation for the popularity of dissonance 
theory is offered and the current status of the model is reconsidered. 


For the most part, what Chapanis 
and Chapanis (1964) offer to substitute 
for existing interpretations of the data 
of dissonance research may be described 
as the first half of an alternative ex- 
planation. They supply a novel account 
of the effect of the experimental manip- 
ulation upon the mediating processes of 
the subject, that is, they ask the ques- 
tion, “how can we be sure that the 
experimental situation has been suc- 
cessful in creating dissonance and dis- 
Sonance alone? [p. 3],” but they do not 
complete the process of explanation by 
indicating how the intervening variable 
which they have invoked in lieu of dis- 
Sonance accounts for the subject’s re- 
Sponse. Further, in several cases the 
Premise on which they base their re- 
interpretation of the mediating variable 
appears highly questionable. Let us 
consider each of their critiques in turn. 

Aronson and Mills (1959) performed 
an experiment whereby they varied de- 
me of punishment, in the form of 
ra a menh that the subject en- 
ae In order to participate in what 
so Trapen to be a dull group discus- 
the : p findings were consistent with 
oo Iction that the high punish- 
a od ale would tend to more greatly 
ore the value of the discussion in 

© resolve the greater amount of 


dissonance between the pain they had 
suffered and the reward they had ob- 
tained. Chapanis and Chapanis (1964) 
question whether high embarrassment 
did provide an experience of punish- 
ment and maintain that “pleasureable 
cognitions” may have been introduced, 
stemming from “a feeling of successful 
accomplishment in overcoming a painful 
obstacle [p. 5].” Consider the implica- 
tions of this line of reasoning. It may 
be extended to any experimental manip- 
ulation labeled as punishment and it 
insists that these be reevaluated in 
terms of their rewarding effects, a 
deduction which is generally inconsist- 
ent with the data on escape and avoid- 
ance conditioning. Even if the possi- 
bility is allowed that there is reward 
value in the punishment condition, there 
is no explanation of how this variable 
determines the subject’s response. To 
this end the Chapanises (1964) leave 
us solely with the statement: “There is 
no need to postulate a drive due to dis- 
sonance if a pleasure principle can ac- 
count for the results quite successfully 
[p. 5].” Bear in mind, however, that 
the criterion variable was not the sub- 
ject’s evaluation of the painful or 
pleasurable initiation, but the group 
discussion following. An alternate model 
would have to demonstrate how the 
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pleasurable effects associated with the 
embarrassment condition were trans- 
mitted to the contiguous but independ- 
ent event of the discussion. This may 
have interesting possibilities for some 
theoretician, but until these are ex- 
plored, dissonance theory affords the 
only complete explanation. 

The authors then turn to the original 
test by Festinger and Carlsmith (1959) 
of the hypothesis that size of incentive 
for engaging in attitude-discrepant be- 
havior is negatively related to sub- 
sequent attitude change. Here the 
Chapanises consider that the high in- 
centive ($20.00) was an “implausible 
reward,” and thus “the results fall 
neatly into the pattern of all previous 
and more extensive experiments on the 
effect of credulity on pressures to con- 
formity (Fisher & Lubin, 1958) [p. hie” 

We find, however, that the implausi- 
bility which the authors refer to in 
evaluating the dissonance experiment, 
that is, suspicion of the experimenter’s 
motivation for giving a $20.00 incen- 
tive, is not directly comparable to the 
credulity variable in the studies cited 
by Fisher and Lubin (1958). The latter 
refer to the effects upon conformity of 
“the size of discrepancy between the 
subject’s pre-influence judgment and 
the subsequent judgment originating 
from an influence source [p. 230],” for 
example, the distance between lines in 
an Asch-type paradigm. Decreased con- 
formity at the higher levels of dis- 
crepancy is attributed to disbelief on 
the part of the subject that the influence 
source is giving true judgments. The 
only way we might link these two sets 
of results by a credulity explanation is 
by stating the principle that any suspi- 
of the experimenter’s intentions in 
an influence study produces noncon- 
ere ity, a proposition which may be de- 
a ei into an alternative interpreta- 
velp astinger and Carlsmith’s (1959) 
meii were first corroborated. 


cion 


tio cea 
results, if it 


Rosenberg (1963), in fact, has pro- 
vided an explanation of the Festinger 
and Carlsmith findings, based in part 
on a credulity notion, in which it is 
assumed that high incentive subjects 
perceive the actual purpose of the study 
as an investigation of their capacity 
to be bribed into opinion change and 
respond in a socially desirable manner. 
It should be pointed out, however, that 
Brehm and Cohen (1962) anticipated a 
possible explanation of the Festinger 
and Carlsmith results in terms of suspi- 
cion of the $20.00 incentive and repli- 
cated their findings using high and low 
incentives of $1.00 and $.50. More 
recently, a student of the present au- 
thor (Lependorf, 1964) obtained sig- 
nificantly less opinion change in a $.50 
incentive group compared to a $.05 in- 
centive group. 

Further in the article the Chapanises 
“reinterpret” the findings of Aronson 
(1961) that subjects expending less 
effort to obtain both nonrewarding and 
rewarding objects would tend more to 
enhance the characteristics of the latter. 
They attempt to explain these effects 
by noting that the low-effort group 
was also a higher rate-of-reward group 
(though total amount of reward was 
the same for both), Again there is no 
attempt to link the intervening vari- 
able to the dependent variable, but 
the implication is that rate of reward is 
positively related to the magnitude of 
secondary reinforcement effects. Do the 
existing data substantiate this notion? 
The studies by Skinner and his students 
(cf. Ferster & Skinner, 1957) compar- 
ing the effects of continuous and peri- 
odic reinforcement Conditions suggest 
that the opposite relationship exists. 

In one case the authors do not 
begin to formulate an alternative ex- 
planation. In evaluating Brehm’s study 
(1959) in which boys who had con- 
sented to eat a disliked vegetable be- 
came more positive about it when told 


bag- 
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that their parents would be informed of 
the event, the Chapanises note simply 
that “The key to the problem most 
likely lies in the expectation these boys 
had about the effect of the letter on 
their parents and on themselves [p. 8].” 
This is not inconsistent with the ra- 
tionale underlying Brehm’s hypothesis; 
however, this author offered an interpre- 
tation of the expectation which allowed 
him to predict the obtained effects. The 
critical point of the Chapanises’ objec- 
tion appears to be that “the design of 
the experiment does not allow us to find 
out what this expectation was [p. 8].” 
Need it be pointed out that the mediat- 
ing variable, by definition, does not 
have to be operationally represented: 
that it functions in the hypothetico- 
deductive method to enable the experi- 
menter to predict the dependent vari- 
able, which Brehm seems to have ac- 
complished very well. 

Chapanis and Chapanis spend a large 
part of their review on a study per- 
formed by Festinger (1957, p. 164) and 
replicated by Cohen, Brehm, and Latané 
(1959) demonstrating the relationship 
between magnitude of induced disso- 
nance and avoidance of further dis- 
sonance. The crux of their critique is 
that Festinger offers several explana- 
tions for various aspects of the data 
which, taken together, could account 
for results in any direction. An im- 
Portant consideration, however, is ig- 
nored by the reviewers. 
i Festinger’s study investigated the be- 
fis e subjects who had chosen the 
ag ey believed advantageous in a 
a game based solely on prob- 
Fe fam and who were either winning 
sits» 8. Subjects of the former group 
Suan e ted to have no dissonance 
sinner choice of side and its 
ie tas e The others were assumed 
läte boi in amounts directly 

A Be e amount of money lost. 

asis of these assumptions, 


Festinger was able to predict the pre- 
cise form of the relationship, which ap- 
proximated a fourth-order parabola, be- 
tween amount of winnings or losings 
and time spent studying a graph which 
purported to show the actual prob- 
abilities for winning for either side. 
Festinger considered, however, that 
though the time scores for the winners, 
relative to the losers, were as predicted, 
they were higher in terms of absolute 
values than his deductions would lead 
him to expect. On this basis he proposed 
that an additional set of dissonant cog- 
nitions may have been introduced in 
this group between their performance 
and information contained in the graph 
to the effect that they were on the 
side with a lower probability of success. 
Thus, two sets of cognitive elements 
were assumed to be operative in this 
study, and each considered alone would 
predict an opposite pattern of relation- 
ships between the independent and de- 
pendent variables. The essential point, 
however, is that the relationship that 
was observed was hypothesized on the 
basis of deductions concerning one of 
these sets of cognitions. Deductions 
concerning the other were invoked, post 
facto, to account for an aspect of the 
larger effects of the manipulation which 
was not consistent with theoretical ex- 
pectations. Further, the propositions of 
Festinger’s post-hoc analysis meet the 
sole criteria for their justification; they 
lend themselves readily to investigation. 
A partial replication of the original ex- 
periment is called for in which dis- 
sonance between performance and in- 
formation contained in the graph is 
eliminated by modifications of the latter. 

In one instance alone, the Yaryan 
and Festinger study (1961), the Chap- 
anises provide us with an alternative 
explanation of the effects of the in- 
dependent variable upon the dependent 
variable, and it is agreed that this ex- 
periment needs to be redesigned before 
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it may be considered support for dis- 
sonance theory. 

In the second section of their review, 
Chapanis and Chapanis (1964) chal- 
lenge what they term “methodological 
inadequacies in the analysis of results” 
of which they state, “the most important 
is the rejection of cases [p. 12].” The 
examples they cite, however, do not 
contain evidence of data exclusion on 
the basis of the dependent variable, 
which would certainly constitute a 
methodological flaw, but involve, for 
the most part, the acceptable and 
widely used procedure of preselecting 
subjects by some criterion that enables 
test of the hypothesis. The cases where 
these criteria are established and ap- 
plied after inspection of the results for 
a larger sample represent a different 
aspect of the scientific method than the 
instance described above, but inasmuch 
as these criteria are other than the 
dependent variable, this may be re- 
garded as induction rather than “meth- 
odological inadequacy.” In the areas of 
behavior probed by dissonance theory 
we are a long way from making pre- 
dictions with anything approaching one 
to one precision, and until this time it 
will be incumbent upon the researcher 
to try to account for data which do not 
fit his theory in a manner which will 
lead to further research. When this 
process involves the attempt to partial 
out potential sources of error variance, 
it will often require observation of the 
effects of the independent variable upon 
a more limited subject sample defined 
on the basis of the proposed error 
factor. Similar practices may be noted 
in any area of psychological research 
where they are equally justified and pro- 
ductive. Consider the various studies 
where interpretations were based upon 
the discovery that predicted relations 

Jd for one sex and not the other 
he Janis, 1954; Sears, Whiting, 
ie & Sears, 1953). 


A valid objection to subject selection, 
whether it occurs as part of the deduc- 
tive or inductive process, requires that 
the objector demonstrate how the selec- 
tion procedure may account for the re- 
sults in a manner other than that pro- 
posed by the experimenter. The Chap- 
anises do so in just one case, the study 
by Brehm and Cohen (1959). 

In their conclusion the Chapanises 
attribute the greater attention given to 
dissonance theory, as compared to the 
rather similar models proposed by 
Heider (1958), Osgood and Tannen- 
baum (1955), and Newcomb (1953), 
to the “generally deceptive” simplicity 
of the former. A more feasible explana- 
tion might be offered. All four of these 
models are based upon the principle of 
“cognitive balance” as a motivational 
construct. The latter three systems, 
however, are limited in their application 
to imbalance which may occur when 
two attitude objects, here including 
other persons or the self as objects, are 
linked in what Osgood and Tannen- 
baum term an assertion (unit or senti- 
ment relation in Heider’s theory). 
Festinger’s theory accounts for this 
event but extends the balance principle 
as well to a multiplicity of apparently 
diverse areas of behavior. This is ac- 
complished by the artful process of 
considering the cognitive mediator which 
is interposed in the person’s response to 
all complex stimuli, including his own 
behavior. 

In one respect we agree that the dis- 
Sonance model must become less 
“simple” if it is to continue to function 
as a useful theoretical instrument. If 
we accept the statement that the value 
of a theory resides both in the magni- 
tude of testable deductions generated 
from it and the extent and diversity 
of the phenomena that it can explain, 
then, by these criteria, dissonance 
theory appears to be a good theory. A 
good theory, however, by its own defini- 
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tion, cannot remain intact. Every re- 
search based upon it, by virtue of the 
variance in the data which is not ac- 
counted for, should lead the investigator 
back to the theory to revise and elabo- 
rate and thus develop new hypotheses 
for test. It is this interplay between 
induction and deduction which con- 
tributes to the progress of a science, 
with theory functioning as an instru- 
ment of logic in the service of extend- 
ing the possibilities for acquiring data. 

Many may agree that we have had 
an abundance of deduction from dis- 
sonance theory, that is, hypotheses 
based directly on Festinger’s original 
principles, but a relative paucity of in- 
duction, that is, attempts to reconstruct 
and extend the theory so that it may 
incorporate more components of the be- 
havior under scrutiny. For example, the 
Study of factors determining which mode 
of dissonance reduction will be em- 
ployed in a given situation remains 
largely outside the province of our con- 
ceptual schemas, though Rosenberg and 
Abelson (1960) offer a model directed 
to some aspects of this question. Psy- 
chology appears to be ready for neo- 
dissonance theory, by whatever name 
we choose to call it, just as it has pro- 


Bressed to neobehaviorism and neo- 
Freudianism. 
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CORRECTION FOR ATTENUATION AND THE 
EQUIVALENCE OF TESTS: 


MARK W. STEPHENS 
Purdue University 


Block (1963) Suggested that in 
E should correct for unreliability 


of the “conceptual equivalence” of the t 
pointed out that: a distinction should be made between ci 
equivalence and functional equivalence; 
prior importance in research seeking relationships of other 
represented by the 


the variable 


of results, 


Block (1963) suggests that one should 
correct for attenuation when estimating 
the “conceptual equivalence” of tests. 
He proposes that a better estimate of 
the degree to which two tests measure 
the same or highly similar concepts is 


unreliability, he argues, the “raw” cor- 
relation between two tests portrays with 
unnecessary gloom their convergence on 
the variable they are presumed to reflect, 
The purpose of this note is not to de- 
fend the papers (Crowne & Stephens, 
1961; Crowne, Stephens, & Kelly, 1961; 
Wittenborn, 1961) on which Block 
bases his argument, but to clarify three 
important issues: the distinction be- 
tween functional and conceptual equiva- 
lence, the inappropriateness of correc- 
tion for attenuation when functional 
equivalence is in question, and the prior 
importance of functional equivalence, 


FUNCTIONAL VERSUS CONCEPTUAL 
EQUIVALENCE 


The equivalence of different tests of 
(presumably) the same variable is a 
critical question in research design and 

1The writing of this paper was supported 
in part by Grant No. G25113 from the Na- 


tional Science Foundation to the junior 
author. 
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estimating the equivalence of tests 
to give a more appropriate estimate 


in evaluating and generalizing research 
results, “Equivalence” can have at least 
two meanings. The equivalence of pri- 
Mary concern in the Crowne and Ste- 
Phens (1961) Paper was functional 
equivalence. 

Measurement operations are function- 
ally equivalent only to the extent that 
they are actually interchangeable. Two 
or more tests are equivalent in this 
Sense when they intercorrelate so highly 
ual or noncommon 
of negligible magni- 
tude. More rigorously, functional equiva- 
lence js established when one finds 
tably over a series of studies) 


Ssessment of functional 
is wholly empirical and 
functionally 
nt that they have 


conservative: 


Block Suggests 


another Meaning of 
equivalence—conce 


Ptual equivalence. As 
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=A 
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he defines it, two tests are conceptually 
equivalent if, “giving due weight to the 
unreliabilities present, these measures 
. reflect the same underlying dimen- 
sion |p. 152].” How does one deter- 
mine that two tests reflect the same 
underlying dimension? This must, of 
course, be a matter of inference—and 
permit alternative inferences. Even a 
minimal observed relationship could suf- 
fice to support the claim of conceptual 
equivalence—although it would of 
course represent weak evidence for the 
claim. In other words, two tests may 
be conceptually equivalent without even 
approximating functional equivalence. 

In effect, the criterion for functional 
equivalence is much more rigorous than 
that for conceptual equivalence—and 
properly so, since the sole concern of 
functional equivalence is methodologi- 
cal interchangeability and empirically 
grounded assurance of the generaliza- 
bility of results. To infer conceptual 
equivalence from low to moderate ob- 
served relationships can be a step to- 
ward adding “faith validity” to “em- 
Pirical validity.” 

If more is implied by the notion of 
conceptual equivalence than simply a 
less demanding criterion of agreement, 
then the additional meaning must in- 
volve the theoretical relations of the 
tests to the concept they are presumed 
to reflect, In this case, one would ex- 
amine the theoretical derivation of two 
(or more) tests and, by logical analysis, 
compare their relations to the construct. 
If functional and conceptual equiva- 
lence can be meaningfully distinguished, 
the distinction lies here: that concep- 
tual equivalence entails a theoretical 
analysis while the demonstration of 
unctional equivalence is an empirical 
question.? This is not to derogate the 

? Jessor and Hammond’s (1957) criteria for 


e 
tween auiey of the theoretical linkage be- 
test and construct would seem to be 


role of theoretical analyses but to keep 
distinct the empirical and theoretical 
processes. 


FUNCTIONAL EQUIVALENCE AND 
CORRECTION FOR ATTENUATION 


The difference between functional and 
conceptual equivalence is, in fact, best 
illustrated in the specific case of cor- 
rection for attenuation. Suppose, for 
example, that two tests of self-accept- 
ance (SA; and SAs)—or, more con- 
servatively, of self-evaluative behavior 
—intercorrelate .50 and that the re- 
liability of each is .71.° Correcting for 
the unreliability of the two tests, the 
intercorrelation becomes .70. This cor- 
rected correlation coefficient would sug- 
gest stronger evidence that the tests are 
“measuring the same thing”; that is, 
that the behavioral samples represented 
by the two are drawn from the same 
population of behaviors and/or that one 
can meaningfully speak of ‘“‘self-accept- 
ance” as being measured, or reflected, 
by each test. Here, correction for un- 
reliability results in a more heartening 
index of the relationship of two rela- 
tively unstable instruments and could 
be used to support the claim of “con- 
ceptual equivalence” of the tests. 

However, suppose that then one wants 
to determine the relationship of self- 
acceptance to anxiety, and one corre- 
lates, say, Manifest Anxiety (1/4) scale 
scores with SA; scores. The Pearson 7 
turns out to be —.30, significant at 
the .05 level. How likely is it, 
on the basis of this evidence, that SA2 
scores will be significantly correlated 
with MA scale scores? The chances are 
considerable (certainly greater than .05 
and greater than the corrected 7 of .70 
would suggest) that MA scale scores 


neatly suited to the problem of establishing 
conceptual equivalence. 

2It is unimportant here to specify what 
kind of “reliability” is meant, although, of 
course, this may often be a critical question. 
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and SA» scores will not be related.* 
What has been learned is that (2) 25% 
of the actual (observed) variance in 
scores on SA; is common to variance in 
scores on SA» and (b) 9% of the vari- 
ance in SA; scores is common to MA 
scale scores. From this evidence alone 
one can hardly be assured that 9% or 
more of the variance in MA scale scores 
will be common to SA» scores. Such an 
assumption, however, would have been 
encouraged by correcting for the unre- 
liability of SA, and SAo. 
In computing functional equivalence, 
it is irrelevant what portion of the 75% 
of variance in SA, not common to SA» 
scores is unreliability, what is specific 
method variance, or what is associated 
with a conceptually truly distinct vari- 
able. Isolating these Separate sources of 
noncommon variance is, of course, im- 
portant for further research—for exam- 
ple, in attempts to improve the tests— 
but it is not relevant in denoting the 
actual relationships between scores on 
the tests. The Point at issue here is that 
regardless of the Source of disagreement 
among actual test Scores, any disagree- 
ment still decreases the empirical basis 
for assuming that an equivalent rela- 
tionship will be found between MA 
scale scores and scores on SA»—on self- 
acceptance tests in general,® 


FUNCTIONAL EQUIVALENCE AND THE 
INTERPRETATION OF RESULTS 


The purpose of this part of the 
Crowne and Stephens (1961) paper was 
to caution against overoptimism in gen- 
eralizing from results with one test and 


4 It should be noted, however, that there is 
no way to estimate this probability exactly, 

5Jn this context, “correcting” for unreli- 
ability can in fact lead to another “attenua- 
tion paradox”: holding the “validity,” or 
actual (observed) agreement with some cri- 
terion, constant, the “conceptual validity” of 
a test increases as its reliability decreases, 


assuming too quickly that different tests 
of purportedly the same variable will 
have equivalent relationships to other 
variables. This position may seem over- 
cautious. However, the research-time 
cost of the conceptual cul-de-sac is high 
enough to recommend caution when 
generalizing from immediate results. In- 
appropriate correction for attenuation 
could easily encourage overconfident 
generalization across “measures of the 
same thing.” 

Block (1963) suggested that “By the 
straightforward application of estab- 
lished procedures for improving the re- 
liability of measures, we may fully ex- 
pect these theoretical (corrected) cor- 
relations to become actuality [p. 155].” 
However, it is always quite possible 
that the anticipated correlations will not 
be realized. High reliability is not al- 
Ways readily achieved: vide the MMPI! 
A further complication may arise when, 
in attempting to increase the factorial 
Purity of tests, we actually succeed in 
reducing the relationship between them. 
This will in fact happen to the extent 
that the original between-test relation- 
ship was mediated by similar items in 
each test which were not associated 
with the Primary factor 


», employing the established pro- 
cedures for improving (intratest) reliability— 
namely, selecting and discarding items on the 


be total test ill 
maximize the risk of the « moe 


a consequent re- 
of that test to 
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thing,’ and the meaning of the ob- 
served relationships between personality 
tests is still an open and critical ques- 
tion in personality assessment. To con- 
sider tests in terms of their “conceptual 
equivalence””—that is, to restrict con- 
sideration of equivalence to the hypo- 
thetical “limiting case of perfect reli- 
ability’—may often obscure the very 
questions which are most important to 
answer. Conceptual equivalence does 
not answer the primary question of the 
actual interchangeability or functional 
equivalence of measures: It does not 
directly indicate what relationships can 
be expected between imperfectly corre- 
lated measures of the same thing and 
an external variable. 

Further, referring to conceptual 
equivalence in this sense can obscure 
the possibility (often considerable) that 
method and response set factors may 
be responsible for much of the observed 
covariation. In the Crowne, Stephens, 
and Kelly (1961) study, for example, 
the consistent ordering of subjects on a 
variety of self-acceptance tests appeared 
to be chiefly attributable to the effects 
of a social-desirability response set. 

If one is interested in the relation- 
ship of some other variable to seli-ac- 
ceptance, it will be efficient in the long 
Tun to assess this relationship independ- 
ently with several different self-accept- 
ance tests, as Campbell and Fiske 


(1959) have pointedly argued. If these 
yield equivalent relationships to the ex- 
trinsic variable, one can then of course 
be confident that this variable is re- 
lated to self-acceptance—and confident 
of the functional and conceptual equiva- 
lence of the self-acceptance tests in this 
relationship. Without this multiple- 
measurement strategy, when the con- 
ceptually equivalent tests are in only 
moderate agreement (uncorrected for 
attenuation), there is a high risk of 
overgeneralization and overconfidence 
in the conceptual significance of the 
results. 
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RECOGNIZING ATTENUATION EFFECTS IN THE 
STRATEGY OF RESEARCH 


JACK BLOCK 
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In the Preceding paper, Stephens and Crowne argue that the in- 
vestigator should not recognize the influence of unreliability in determin- 
ing the obtained correlation between nominally re] 


his measures, or whether definite concep 
measures being related are likely to 


Stephens and Crowne (1964) elaborate to involve three main Points: Should 
both their own (Crowne & Stephens, the cri i 


1961) and my orientation (Block, t 


1963) toward the evaluation of research in the first paper in the series? More 
findings in directions that require some i i 


and Crowne 
Various source 
a relationship? 


c I choose not to respond to the men- 
with my earlier tions by S 


ures . . . reflect the same 


to lower concerned wj i 

the apparent correspondence between euncertua ek tonal — ar 
measures. This unweighted considera- posite. I read their y F R 
tion, coupled with an incompleteness of now—as an attem ee then—ani 
data reporting, permitted Crowne and P 
Stephens to construe the measurement 
situation in the realm of self-acceptance 
in terms different than T believe to be 


to examine in 
to which Various pro- 


iat a common construct 
appropriate. ; n numerous Statements (@g., their sec- 
The present divergence appears to me tion on Definition of the Consiziat and 
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elsewhere), Crowne and Stephens ex- 
plicitly worry the nature of the concepts 
being studied, as these are indexed by 
divergent operations. In their methodo- 
logical critique, Crowne and Stephens 
(1961) announce their focus as on 
basic logical and psychometric consid- 
erations [p. 106],” suggesting an in- 
tention to identify and evaluate the 
several factors influencing particular 
summary coefficients. Such sustained 
Mention of the problems of supporting 
the relevance of measures to a con- 
Struct can only mean, I submit, pre- 
Occupation with conceptual or dimen- 
sional equivalence. The sufficiently in- 
volved reader may wish to resort to the 
article in dispute and form his own 
Judgment on this point of difference. If 
he concludes, with me, that the con- 
cerns of Crowne and Stephens, in fact, 
Were with regard to conceptual equiva- 
lence, then it follows their usage of 
functional equivalence as an evaluative 
criterion was narrow and limiting since 
the influence of error variance was not 
recognized. 

In workaday, applied situations, such 
as the screening of masses of army re- 
cruits, I can see where the notion of 
functional equivalence has its place and 
lts Justification. But not when we are 
ate to improve the conceptual basis 

our science and organize a welter of 
findings, 

ä 2. Stephens and Crowne support their 

aim that functional equivalence has a 
asson Mmportance in research evaluation 
Seon by value judgment. Thus, 
ia unctional equivalence is assigned 
a rtues of being “wholly empirical,” 
Sonservative,” and “rigorous,” the ef- 
a fa a conceptual equivalence is 

e a matter of “alternative in- 


fere; 

neces,” “faith See “A 

> h k 
evidenc A h validity,” and “weak 


I 
plied mee same helpful vein, it may be re- 


that the conceptual evaluation approach 


Whatever banner one flies—whether 
one insists on functional equivalence or 
seeks conceptual congruence—ambigu- 
ous decision problems requiring best 
guesses confront the investigator or 
evaluator. These decisions are made on 
inferential grounds involving considera- 
tions going beyond the specific data 
situation. Inevitably, choice entails 
costs as well as gains. Specifically, when 
Stephens and Crowne query: “How 
does one determine that two tests re- 
flect the same underlying dimension?” 
they are bothered by the nonexistence 
of an absolute rule for deciding yes or 
no. This unhappiness with ambiguity 
stems from their recognition that, in 
fact, a continuum of likelihoods under- 
lies any dichotomous decision reached. 
But, by the same token, what degree 
of functional equivalence shall we re- 
quire before deciding that functional 
equivalence has been achieved? Ste- 
phens and Crowne do not say but the 
parallel exists and may not be com- 
partmentalized out of consideration. 
When Stephens and Crowne remark 
that “even a minimal observed relation- 
ship could suffice to support the claim 
of conceptual equivalence,” it is easy 
to paraphrase a rejoinder: even a mini- 
mal observed difference could suffice to 
support the claim of functional non- 
equivalence. 

Stephens and Crowne continue to cau- 
tion against the cul-de-sac of presum- 
ing equivalences prematurely. I com- 
mend caution but not overcaution. Sim- 
ply for balance and perspective, the 
cul-de-sac of dwelling on differences 
that are really inconsequential must be 
recognized. There are dangers of un- 


is integrative, dedicated toward theory build- 
ing, and separates the empirical wheat from 
the empirical chaff. Adherence to functional 
equivalence, on the other hand, is rigidly anti- 
theoretical, a reversion to naive operationism, 
and readily confused by the noise in the 
system. 
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criticality and abuse in leveling differ- 
ences to unimportance. The discernment 
of congruence should not be achieved 
by projective means. But if the goal of 
convergent and discriminant validifica- 
tion via multiple-measurement methods 
is agreed upon, then I would expect this 
goal to be achieved most rapidly if the 
contribution of attenuation effects to 
the analytical picture are soberly con- 
sidered rather than totally disregarded, 
3. I am alarmed when Stephens and 
Crowne now assert that, with an em- 
phasis on functional equivalence, “it is 
irrelevant what portion of the... 
variance . . . is unreliability, what is 
specific method variance, or what is as- 
sociated with a conceptually truiy dis- 
tinct variable.” T believe most psy- 
chologists would find the distinction 
among these three sources of variance 
of paramount importance, Entire strate- 
gies of subsequent research may hinge 


r knowledge of the 


quently needed guide for thi 
of subsequent effort. It 
investigator whether 
interpretable raw cor. 


informs the 


an ambiguously 
relation 


can be 
ascribed to the poor but improvable 
quality of his measures or whether defi- 


nite conceptual differences 
measures being related are 
involved. In our search 


between the 
likely to be 
for tenable, 
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nonredundant theories, I simply do not 
see how a virtue can be made of blur- 
ring separate sources of variance. 

In their final remarks, Stephens and 
Crowne are concerned with the prac- 
tical problems surrounding usage of the 
correction for attenuation, I acknowl- 
edge such problems may exist, and care- 
fully noted this point in my 1963 paper 
where I suggested the informed evalua- 
tor could at least establish reasonable 
and instructive bounds on the adjust- 
ment. The sophisticated “empirical in- 
tegrator” will not hang his full set of 
conclusions on the Precision of an esti- 
mate of a particular reliability coeffi- 
cient. He will, however, recognize the 
Operation of the attenuation principle 
and will make the order-of-magnitude 
adjustments required. In so doing, he 
will achieve g more accurate perspec- 
tive on the state of the field and the 
payoff directions 
than would result 
influence, 
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SIZE CUE TO VISUALLY PERCEIVED DISTANCE 
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Evidence indicates that both perceived size S’ and retinal size 0 are involved 
in both the relative and familiar size cue to relative depth. There is also evi- 
dence to indicate that the familiar size cue cannot be subsumed under the 
relative size cue. But both types of size cues can be included under the 
concept of perceived size per unit of retinal size (S’/@). It is asserted that the 
perceived depth between objects, as determined by the size cue, is a function 
of the value of S’/@ associated with each of the objects. Evidence relevant to 


Speciying the relation between values of S'/ð and perceived depth is eval- 
ated with respect to methodological problems involved in the use of com- 


parison fields. 


Meche | cue is a frequent and impor- 
ee €terminer of apparent distance. 

Hen of size cues will be considered. 
sr aap! the relative size cue and the 
ee size cue. Some recent evidence 
ate Ma the operation of the relative 
ea: ma iar size cue to distance will be 
en and evaluated with respect to 
— ogical problems involved in the 
or T of apparent distance. A 
res hae which both the relative 
val io ar size cue can be subsumed 
caren entified. Experimental evidence 
ae ma the form of the relation be- 
Hee his variable and perceived dis- 

ce will be considered. 


Size Cur to RELATIVE DISTANCE 


Relative Si 
ative Size Cue to Relative Distance 


2 objects which are identical 
are Dres r the size of their retinal image 
other — in a situation in which all 
object eh ae cues are removed, the 
Sppeaet Taip smaller visual angle will 
isis T e the more distant object. 
bemin case of a relative retinal size 
ng a perceived depth between 


objects. It is as though the observer (0) 
assumes that the two objects are phys- 
ically the same size and therefore per- 
ceives the retinally smaller object as 
being farther away. 

Some of the terms used in this example 
and throughout this paper are labeled in 
Figure 1. Figure 1 is a perspective 
schematic drawing of three rectangles 
(e, f, and g) located at distances Da, Dis 
and D, from O. The physical widths of 
the rectangles are labeled Se, S;, and So, 
with 0e, Oz, and 6, the respective visual 
angles. Since retinal size and visual angle 
are usually proportional, 0e s, and 4% 
are also measures of the retinal size of the 
widths of the rectangles. The visually 
perceived distances of Rectangles 6, fy 
and g from O (to be called perceived 
absolute distances) will be specified as 
D'a, D';, and D'o respectively. The 
physical depths between the several rec- 
tangles are des, djor and deg; while the 
visually perceived depths (perceived 
relative distances) will be called dafs 
d'io, and Feos respectively. The visually 
perceived sizes associated with Se, Sh 
and S, will be called S'o S'n and S'o 
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Fic. 1. A schematic perspective drawing 
tance. (This figure has appeare 


respectively. In the particular example 
considered in the previous paragraph, 
Rectangles e and f are the only objects 
present and are viewed monocularly with 
the remainder of the field of view totally 
dark such that all distance cues are 
absent except that associated with the 
difference in the retinal sizes of the 
rectangles. Under these conditions, nei- 
ther rectangle by itself would be per- 
ceived as having a unique size. However, 
the rectangles are assumed by O to be of 
the same size, and therefore, S’, = Sp. 
If D; is greater than, equal to, or less 
than Da and S. = Sj, it follows that Or 


is less than, equal to, or greater than 8, * 


respectively. When S'e = S's and 9. > by, 
Rectangle f is perceived as more distant 
than Rectangle e (d’-; is positive), When 
S'a = S'; and be < Os, Rectangle Í is per- 
ceived as less distant than Rectangle e 
(for consistency, d'es should be considered 
as negative) and when S’, = S'; and 
6, = Os, the two rectangles are perceived 
to be at the same distance (d’,s is zero). 


useful in considering the operation of size as a cue to dis- 
d previously as Figure 1 in Gogel, 1964b.) 


There is evidence that the simultane- 
ous visual presentation of two (or more) 
similar but nonfamiliar objects such as 
Rectangles e and f in Figure 1, in the 
absence of other depth cues, will result 
in a perceived depth d'as, with the retl- 
nally smaller of the two objects appearing 
to be the more distant object. The term 
nonfamiliar is used here to indicate that 
there are no familiar characteristics 
associated with the objects which would 
specify a perceived size. For example, 
although rectangles are shapes which are 
frequently encountered, there is no 
unique size which would normally be 
associated with them. It is reported (Kil- 
patrick, 1961) that a simultaneously 


presented series of lines of different 
retinal sizes whos 


same height wil 
distances with t 
appearing more 
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Squares (Epstein & Baratz, 1964, Ex- 
periment I), and for a pair of discs (Carr, 
1935, pp. 262-263; Updegraff, 1930), 
etc. (cf. Ittelson, 1960, p. 70). Similarly, 
two balloons of different visual angle but 
of the same brightness will appear at 
different distances with the perceived 
depth between them changing with con- 
tinuous variation in the size of one 
(Kilpatrick, 1961). 

The relative size cue to relative depth 
will be effective when the objects (e, f, 
me of Figure 1) are presented succes- 

ely, as well as simultaneously, to the 
a O (Carr, 1935, pp. 260-261; Gogel, 
alga & Harker, 1957; Over, 1963). 
oe Bons ae in the resulting per- 
5 e depth (d'), however, might be 
ehh to increase as the time interval 
i ici the presentation of the two 
ic increased. The perception of a 
oo in depth as a function of a con- 

a j change in visual angle has also 
eel emonstrated for a single non- 
1951. or familiar object (Ittelson, 
Teles Smith, 1951, 1952b, 1955; cf. 
Seen 1960, Pp 71). The evidence 
rag clear. Objects of the same shape 
al visual angles which differ either 
be a N (as in the case of the same 
a difte different retinal sizes presented 
Seach erent times to the same 0O) or 
ing ard (as in the case of present- 
dine eee objects of different retinal 
i e same time) or continuously (as 
ail = of the object whose visual 
will Bi os while O is observing it) 
depth, in a perception of relative 
oan values of S’ as well as 0 are 
is ne order for the relative size cue 
i te in a perceived distance. There 

55 ae (Hochberg & McAlister, 
rectan ee two simultaneously presented 
reset ac or two simultaneously pre- 
Dioda S of different retinal sizes can 
Simultane apparent depth but, that the 
and di cous presentation of a rectangle 

tcle of different retinal sizes does 
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not. Clearly, some perception (S'e and 
S's) of the relative sizes of the objects 
(e and f) is necessary. Neither S’, nor 
S'; must necessarily be perceived as being 
a particular size, but some perception of 
the relation between the sizes is neces- 
sary. Also, while a difference in shape 
between two objects tends to destroy the 
perception of relative depth, it is not 
necessary that the two objects be identi- 
cal in all characteristics except that of 
retinal size. It has been found, for ex- 
ample, that a depth perception can occur 
as the result of the simultaneous pres- 
entation of two squares of identical shape 
but different color (Epstein & Baratz, 
1964, Experiment I). It is also unneces- 
sary to assume that S’, must equal S'y in 
order for the relative size cue to result 
in a perception of relative depth. This 
can be shown by the results from a por- 
tion of a study by Over (1963) in which 
the perceived sizes and perceived dis- 
tances of successively presented, dia- 
mond-shaped squares of various retinal 
sizes were measured under visually 
reduced conditions. The present author 
concludes that the results from this study 
by Over indicate that perceived distance 
can vary between presentations as a 
function of the changes in retinal size (see 
the open circle data of Figure 2b, p. 228) 
even though the perceived sizes of the 
squares were not always equal in the 
different presentations. 

In summary, the experimental evi- 
dence is in agreement with the following 
description of the essential processes in- 
volved in the relative size cue to relative 
distance: (a) The relative size which is 
referred to is a relative retinal size! and 


“relative size judgments” 
(Gogel et al., 1957) or “relative size” (Baird, 
1963) has sometimes been used to refer to the 
perception of the re 
sented either simultaneously Or successively, 
regardless of whether the perceived size occurred 
between similarly shaped objects or not. Instead, 
the expression “relative size cue” in this paper 
follows the meaning used by Hochberg and Mc- 


220 


is a difference (or equality) in retinal 
sizes occurring from the simultaneous or 
successive presentation of similar objects. 
If the retinal sizes are different, a percep- 
tion of depth between the objects will 
occur with the object having the reti- 
nally smaller size appearing more distant. 
If the retinal sizes are the same, the 
objects will appear equidistant. (b) Rela- 
tive retinal size, by itself, is not sufficient 
to produce a perception of relative depth. 
Some similarity of shape between the 
objects must be present, and (c) must 
result in some perception of the relative 
sizes of the objects, with the usual per- 
ception being that of size equality. It is 
clear that relative values of S’ as well as 
relative values of @ are involved in the 
relative size cue to relative depth. 


Familiar Size Cue to Relative Distance 


Familiar (or assumed) size as a cue to 
relative distance can also be considered 
with the aid of Figure 1. Suppose that 
Objects e and f are presented simultane- 
ously and are monocularly viewed with 
the remainder of the field of view totally 
dark. Suppose also that Objects e and f 
are familiar objects, for example, two 
playing cards. Since 6, > ðs, Object e 
will be perceived as less distant than 
Object f (Gogel, 1956a; Gogel & Harker, 
1955; Ittelson, 1951c). In this example, 
however, it is not necessary to resort to 
familiar size to explain the resulting 
perceived depth. An explanation in terms 
of relative size would be equally plaus- 
able (Hochberg & Hochberg, 1952, 1953; 
Hochberg & McAlister, 1955). Suppose, 
however, that Object f appears to be a 
similarly shaped but physically smaller 
object than a playing card, for example, 
a matchbox, with Object e continuing to 


i 1955), that is, the relative size cue as 
a hee paper is the relative depth cue which 
fe urs from observing two (or more) similarly 
or identically shaped objects of different retinal 


size. 
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be seen as a playing card. In this latter 
example, Object f might appear to be 
less distant than Object e even though 
6. > 0s. According to the usual explana- 
tion of the familiar size cue, each of the 
objects (the matchbox and the playing 
card) should appear at a distance position 
which a normal-sized object of that 
particular category would have to occupy 
to produce that particular retinal size 
(Ittelson, 1951c). In the latter example 
since the objects are of similar shape and 
0s > 0s, Object f should appear behind 
Object e according to the relative size 
cue but in front of Object e (for some 
values of 6,> 6;) according to the 
familiar size cue. Thus, it has been 
argued (Epstein & Baratz, 1964; Ittel- 
son, 1960, p. 71) that the relative size cue 
and the familiar size cue in such situa- 
tions are in opposition to each other. 

The question as to whether the cue of 
familiar size has been demonstrated to be 
distinct from the cue of relative size has 
been answered in the affirmative by 
Ittelson (1951c) and in the negative by 
Hochberg and Hochberg (1952, 1953) 
and by Hochberg and McAlister (1955): 
A recent experiment by Epstein and 
Baratz (1964, Experiment II) is per- 
tinent to this issue. In the experiment by 
Epstein and Baratz, perceived depth was 
measured between objects representing & 
dime, a quarter, and a half dollar pre- 
sented in pairs. Each coin subtended 
three possible retinal sizes such that the 
relative and familiar size cues could be 
placed in agreement or in opposition. 
The results of the study indicate that 
the perceived depth between the pairs of 
coins when the two cue systems were in 
opposition was always in agreement with 
the familiar, not the relative size cue- 
It seems reasonable to conclude that the 
familiar size cue to relative depth cannot 
be subsumed under the relative size cue 
to relative depth. 
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SPECIFICATION OF THE SIGNIFICANT 
VARIABLE IN THE SIZE CUE 
TO RELATIVE DISTANCE 


Reged previous discussion, it fol- 
depth Fai the perception of relative 
mists ich results from the cues of 
and familiar size, the important 
E Th ne: nig the relative values of S’ and 
ere the relative and familiar size 
ad a etermined by the physical size 
Bie gae distance of the stimulus 
ES s A i yes relative size cue, relative 
eean. tk are determined by the per- 
eet x at the identically shaped 
Tr the Re i or similar in size. 
Paa R iar size cue, values of S’ are 
ako h by the size associated with 
i docie e familiar objects. A difference 
ee size by itself does not 
OF eres i perceived relative distance. 
TA i in the case of the relative 
of di Sa, wo identically shaped objects 
ieren a retinal sizes appear to be at 
tobe the s istances because they appear 
to fhe sn size. Also, perceived depth 
Y the ae cue is not determined solely 
For exam, E retinal sizes of the objects. 
tats tibet as shown by Epstein and 
retinal siz 4), two objects of the same 
— “4 will appear to be at different 
iors because they appear to be of 
sideratio sizes. It follows from such con- 
jointly ne that S’ and @ considered 
death Satan the perceived relative 
oth ot from the size cue for 
Point of ive and familiar size. The 
Significant of this paper is that the 
Telative q variable in the size cue to 
S'/0 for epth is the relative value of 
Cons} a of the objects being 

he . 
i pet is the perceived size per 
tontoparall +. size of „the particular 
en S',/ e object being considered. 
ceived aar > S'O, Object f is per- 
hen s a more distant than Object e. 
Perceived y = S',/0., Objects e and f are 
to be equidistant and when 
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S';/8; < S'e/be, Object f is perceived to 
be less distant than Object e. It is as- 
serted that the perceived depth d'ey is a 
function of the values of S’/@ for the two 
objects. To apply the concept of S’/@ 
to the relative size cue, consider a situa- 
tion in which the similarity of shape of 
the two nonfamiliar objects results, for 
example, in the perception that S'e = S’;. 
Thus, that object in the pair of objects 
which has the smallest value of 6 will 
have the largest value of S’/0 and will 
appear to be the more distant object. To 
apply the concept of S’/@ to the familiar 
size cue consider a situation in which, for 
example, two objects (e and f) are of the 
same shape and retinal size (0. = 9) and 
are perceived to be a matchbox and a 
playing card, respectively. Since experi- 
ence indicates that a playing card is 
larger than a matchbox, S's > S'e and 
thus 5’,/0; > S'e/be Therefore, the play- 
ing card (f) will be perceived to be more 
distant than the matchbox (e). Familiar 
size and similarity of shape are merely 
different methods of determining values 
of perceived size (S’). Other factors such 
as assumptions (Hastorf, 1950) and 
sometimes, but not always, special 
experience (Epstein, 1961; Smith, 1952a) 
are also determiners of perceived size. 
Therefore, the familiar size cue and the 
relative size cue are never in opposition. 
It is the perceived sizes of the objects 
regardless of the manner in which these 
perceived sizes are produced which to- 
gether with the retinal sizes results in a 
perceived depth. The concept that the 
relative values of S'/0 for the several 
objects determine the resulting percelve 
depth between the objects subsumes both 
the relative and familiar size cues into 
one system. 
When Object e is of different shape 


than Object f, the concept of the relative 
size cue does not apply. If the objects are 
also familiar objects, however, the con- 
cept of the familiar size cue does apply- 
It has been asserted that relative dep 
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judgments using the familiar size cue can 
be made under such conditions (Ittelson, 
1951c, 1953). This assertion would also 
be made from the viewpoint taken in the 
present paper that variations in S’ /6 
between objects is the significant variable 
in the perception of relative depth from 
size cues. Two objects which differ in 
S'/0, in the absence of other distance 
indicators, will be perceived at different 
distances. But, the concept of $’/@ is not 
only applicable to situations in which the 
familiar objects are of the same or 
similar shape. The concept of S’/@ as the 
significant variable in the size cue to 
relative depth will apply to irregularly 
shaped objects such as trees and animals 
as well as to geometric figures such as 
playing cards or circles, The application 
of S’/6 to differently or irregularly shaped 
objects also can be illustrated by F igure 
1. Suppose in Figure 1 that Objects e, pA 
and g are increased in size so that they 
represent frontoparallel planes rather 
than objects of limited size, Furthermore, 
suppose that a house is pictured as 
located in Plane & a horse and tree in 
Plane f, and a man in Plane e. Also sup- 
pose that these three planes are apparent 
frontoparallel planes rather than physical 
frontoparallel planes, and that no dis- 
tance cue other than that of the size cue 
is available to determine the apparent 
depth between the three planes and the 
various objects in different planes, Ac- 
cording to the concept that S'/0 is the 
significant variable in the size cue, the 
objects in the different apparent fronto- 
parallel planes are in different apparent 
frontoparallel planes because they have 
different values of S’/9. Also, the objects 
in the same apparent frontoparallel plane 
(and all portions of an object in the same 
apparent frontoparallel plane) are in the 
same apparent frontoparallel plane be- 
cause they have the same value of S'/0. 
For example, suppose that two marks 
made on the trunk of the tree in Plane 
are separated by 1 degree of visual angle 
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and are perceived to be separated by 1 
foot. In this case, the S’/@ value is 1 foot 
per degree. A separation of .5 degree of 
visual angle anywhere else on the tree or 
on the horse, or anywhere else in Plane f 
should appear to be 6 inches in length, 
giving thereby the same value of S'/6. It 
follows that a constant value of S'/0 
applies to an entire apparent fronto- 
parallel plane including all the objects 
and interspaces within this plane regard- 
less of their irregularity. Apparent fronto- 
parallel planes having greater values of 
S’/6 will appear more distant, while those 
with lesser values of S'/0 will appear less 
distant. It is asserted that the different 
values of S’/@ between the objects in 
different apparent frontoparallel planes 
or between different planes will deter- 
mine the perceived depth between these 
objects or planes. In a situation in which 
the size cue to relative depth is the only 
distance cue present, it is hypothesized 
that all the perceived depths within this 
visual field are immediately specified by 


specifying the S/o values of the different 
objects. 


SIZE CUE TO ABSOLUTE DISTANCE 

In the discussion involving Figure 1, 
the perceived distance D' of an object 
from O was called a perceived absolute 
distance to distinguish it from d’ the 
perceived depth between objects (per- 

ve distance). The size cue 


perceived absolute distance. 


ience will result 
In Perceived absolute distances being 


= 
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distance is merely the difference be- 
tween two perceptions of absolute dis- 
tance. If this point of view is correct, the 
psychophysics of familiar size as a cue 
to relative distance is specified when the 
psychophysics of familiar size as a cue to 
absolute distance is known. Evidence 
relevant to this point of view will be 
examined in this portion of the paper. 

A number of studies involving the so- 
called “‘thereness-thatness” type of ap- 
paratus have been interpreted as sup- 
porting the notion that the retinal size of 
a familiar object can determine a per- 
ceived absolute distance (Epstein, 1963; 
Hastorf, 1950; Ittelson, 1951c; Ittelson 
& Ames, 1950). In these studies the 
objects with the familiar (or assumed) 
Size (the experimental objects) were 
presented in a visually reduced (experi- 
mental) field. The perceived distance of 
the experimental object was measured by 
comparing the apparent position of the 
experimental object with respect to that 
of a comparison object presented in a 
Comparison field. The comparison object 
Was either part of a visually well- 
Structured field or was itself a familiar 
object. In either case, visual size com- 
P e could occur between the experi- 
sg object and objects in the com- 
os on field. It has been asserted (Gogel 

al., 1957) that the measures obtained 
under these conditions have not been 
demonstrated to be measures of per- 
ceived absolute distance. The same 
assertion has been made recently (Adel- 
Son, 1963) in a study in which inter- 
actions between the experimental and 
comparison fields have been reported. 

The kind of judgment which may occur 
when the “thereness-thatness” type of 
apparatus is used can be analyzed with 
the aid of Figure 1. Suppose that a 
variety of cue systems are available in the 
field of view represented by Figure 1, 
such that any object physically located 
in this field of view in any physical 
frontoparallel plane (e.g., Objects e, f, 


or g) is correctly perceived with respect 
to both its size and distance. Also suppose 
that by means of appropriately placed 
mirrors, a playing card is made to appear 
in the visual field of Figure 1, with no 
cues present to localize the card in dis- 
tance except its familiar size. The field 
of view of Figure 1 corresponds to the 
comparison field in the thereness-thatness 
apparatus while the playing card corre- 
sponds to the experimental object. The 
playing card will have a perceived size Ss 
as determined by its familiar character- 
istics and also will have a retinal size 0. 
Thus, the playing card will have a 
particular value of S’/@ as will every 
object in the perceptually well-structured 
comparison field. If, as this paper asserts, 
S’/@ is the significant variable in the size 
cue to relative depth, the playing card 
will appear in that apparent fronto- 
parallel plane in the comparison field 
which has the same value of S’/@ as does 
the playing card. All that is required of 
O for this perception to occur is a null 
comparison (a judgment of equality) of 
the S’/@ values of objects in the compari- 
son field with respect to the S’/6 value of 
the playing card. Entirely incidental to 
this process is the question of how far the 
playing card appeared to be from O. No 
judgment of perceived absolute distance 
is required. The physical distance from O 
to the position of the plane (or to the 
position of objects in the plane) at which 
the card appears can be measured as is 
done with the thereness-thatness ap- 
paratus. But, if the point of view ex- 
pressed in this paper is correct, this 
measure has nothing to do with O’s task 
and does not represent a perception of 
the absolute distance of the card. Similar 
comments apply when the method of 
measuring apparent distance involves ad- 
justing the comparison object or the 
experimental object to apparent equl- 
distance with each other. Furthermore, 
since visual comparisons between S'/0 
values can occur between presentations 
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separated in time, this objection to the 
use of comparison fields is not removed 
by presenting the experimental and com- 
parison fields successively rather than 
simultaneously. It is suggested that the 
results from the thereness-thatness ap- 
paratus demonstrate that experimental 
and comparison objects with the same 
S'/0 values appear equidistant, but it is 
further suggested that the use of the 
thereness-thatness apparatus does not 
result in measures of perceived absolute 
distance. A similar type of objection has 
been stated 
1957) by noting that the measurement 
of the perceived absolute distance of a 


familiar object requires that a test 
situation be 


retinal sizes of the familiar object 


of relative distance may be interpreted 
by the experimenter (E) as being judg- 
ments of absolute distance, 

From the point of view of the above 
criteria, there have been few adequate 
tests of whether familiar size is a cue to 
absolute distance. The study by Gogel 
et al. (1957) was designed to meet the 
above requirements, Kinesthetic judg- 
ments and verbal reports were used to 
measure the perceived absolute distance 
to singly presented playing cards in 
visually reduced situations using differ- 
ent groups of Os for the first presenta- 
tions of different retinal sizes, Only the 
responses to the first presentations were 
considered to represent perceived abso- 
lute distances. Response changes as a 
function of successive presentations were 
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considered to measure perceived relative 
distance. The results from this study 
indicate that the retinal size of a familiar 
object in isolation is not an effective cue 
to perceived absolute distance and also 
that the Perception of relative depth 
which occurred between successive pres- 
entations of the cards occurred inde- 
pendently of any Perception of absolute 
distance. A recent study by Epstein 
(1963), using figures of coins of three 
different denominations but constant 
retinal size as familiar objects and with 
a different group of Os viewing each coin, 
seems to support the point of view that 
familiar size is a cue to perceived absolute 
distance. However, since the judgments 
Were made using a thereness-thatness 
type of apparatus, the experimental 
results do not necessarily measure per- 
ceived absolute distance but, instead, 
probably indicate the ability of Os to 
perceive that experimental and compari- 
son objects which have the same value 
of S’/6 are equidistant. 

A recent study by Baird (1963, Experi- 
ment II) meets the criteria discussed 
above. Three groups, with 10 Os in each 
group, made verbal estimates of the 


D ways physically at 
distance (25 feet) and was 
observed Monocularly. The different 
groups gave average resy 
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mean distance estimates of 14.3, 24.0, 
and 48.2 feet, respectively). It is unlikely 
that the perception of absolute distance 
from assumed or familiar size occurs with 
sufficient precision to provide an expla- 
nation for the perception of relative depth 
from assumed or familiar size. 

It was pointed out in the study by 
Gogel et al. (1957) and also in the study 
by Baird (1963) that, since size compari- 
sons can occur over time, it is difficult to 
measure perceived absolute distance un- 
contaminated by successive size com- 
parisons. Probably, the time separation 
between the previous visual experience 
and the judgments in the test situation 
should be as long as possible. It is, how- 
ever, important to determine the limiting 
conditions under which judgments of 
absolute distance can occur to further 
examine if indeed perceived absolute 
distance can provide a basis for the ex- 
Planation of perceived relative distance 
(Gogel, 1963). The study by Gogel et al. 
(1957) directly indicates that the per- 
ceived relative distance resulting from 
Size comparisons can occur independently 
of perceived absolute distance. If this 
Conclusion is correct, it follows that the 
Psychophysics of the perception of 
relative distance resulting from the size 
Cue needs to be reexamined. 


‘Posscmaciate OF PERCEIVED RELATIVE 
ISTANCE WITH A COMPARISON FIELD 


= 1s probable that the thereness-that- 
S apparatus does not measure the 
are absolute distance of familiar 
Ee on Tt is equally unlikely that it 
ot lane the perceived relative distance 
rts Mar objects. Consider the case in 
ich two familiar objects are viewed 
monocularly in a visually reduced experi- 
mental field with the perceived depth 
etween the two objects measured by the 
physical distance between their apparent 
pongas m a full-cue comparison field. 
ach of the familiar objects in the experi- 


mental field would consequently appear 
at the distance of that portion of the 
comparison field which has the same 
value of S’/@ as the familiar object. 
Again, only apparent equidistance judg- 
ments would be required by O. It follows 
that the physical distance between the 
positions of the objects in the comparison 
field which appeared equidistant to the 
familiar objects in the experimental field 
would not be a valid measure of the 
perceived distance between the experi- 
mental objects. According to this point 
of view, O has matched $’/@ values be- 
tween each experimental object and 
portions of the comparison field. The 
perceived depth between the two experi- 
mental objects has not been represented 
in O’s performance and consequently 
has not been measured. 

Attempts to measure the perceived 
relative depth between two nonfamiliar 
objects by means of a comparison visual 
field also introduces problems. Suppose, 
in the previous example, that two lumi- 
nous squares of different retinal size are 
used instead of the familiar objects. Un- 
der these conditions, the retinally smaller 
square will appear to be the more distant 
square. But, what will be the perceived 
depth between the squares? The squares 
by themselves provide no scale or metric 
by means of which such judgments can 
be made. An O, if asked to make a rela- 
tive depth judgment without the com- 
parison field present, may do so. But it 
is doubtful whether such a judgment can 
be meaningful. However, Epstein and 
Baratz (1964) have found that Os can 
adjust two objects in a comparison field 
to the apparent radial distance of each 
of the two simultaneously presented, 
experimental squares of different retinal 
size. The distance between’ the two ad- 
justments was interpreted to be a 
measure of the perceived depth between 
the squares. Evidently, the comparison 
field introduced a metric which was not 
in the original perception. Perhaps even 
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more difficult to understand is the finding 
that nonfamiliar experimental objects 
such as ink blots, diamond-shaped figures 
(Ittelson, 1951c), or discs (Epstein, 1961, 
Experiment II) presented singly will 
have an apparent localization with re- 
spect to the comparison field which 
changes systematically as a function of 
their retinal size. In this latter case, how- 
ever, it has been found (Epstein, 1961, 
Experiment III) that the systematic 
change is considerably reduced when 
different groups of Os are used with the 
different retinal sizes. When the same Os 
are used with different retinal sizes, it 
seems that a perception of relative not 
absolute distance is being measured as a 
Consequence of the successive presenta- 
tions. A possible explanation of how a 
perception of relative distance can result 
from a retinal size difference between 
successively or simultaneously presented 
nonfamiliar objects as a Consequence of 
the presence of a comparison field is as 
follows: It is very difficult to eliminate 
all extraneous factors (factors other than 
the cue system being studied) which can 
relate the depth position of one or more 
of the experimental objects with respect 
to the comparison field, It has been 
found, for example, that the accommoda- 
tive differences between the experimental 
object and the comparison field some- 
times can determine the apparent depth 
position of the experimental object 
(Gogel, 1961). Also, even when the 
difficult task of completely eliminating 
extraneous cues is accomplished, factors 
such as the equidistance tendency (Go- 
gel, 1956b) probably would result in some 
localization of the experimental objects 
with respect to the comparison field. 
Assume that one of the discs, or squares, 
or ink blots, as a consequence of extrane. 
ous factors, will appear to be located 
somewhere in depth with respect to the 
comparison field. It follows that the 
S'/0 value associated with this ap- 
parently equidistant portion of the com- 


parison field will become the S’/0 value 
of the object. In other words, the disc, 
or square, or ink blot will acquire a 
perceived size. Then, as a result of shape 
identity, the other disc, or square, ete, 
(either simultaneously or successively 
presented) will acquire the same per- 
ceived size. Each of the pair of squares, 
etc., will thus acquire an S’/@ value and, 
therefore, a specific perceived relative 
depth. Consequently, the perceived rela- 
tive depth measured between nonfamiliar 
objects using a comparison field is 
probably not independent of the com- 
Parison field. If the above explanation is 
Correct, however, the perceived depth 
which is measured, in this case, probably 
is less contaminated by the measuring 
(comparison) field than is likely in the 
case of familiar objects, 

The usual Purpose of using comparison 
fields in the investigation of size as a cue 
to distance is to measure the perceived 
absolute distances of experimental objects 
or the perceived depth between them as 
these distances would have appeared had 
no comparison field been present. From 
the above discussion, it is likely that 
this purpose is usually not achieved. 


PossīBLE RELATIONS BETWEEN 
PERCEIVED DISTANCE 
AND S'/0 


A pplication of the Size-Distance Invari- 
ance Hypothesis 


A conclusion of this paper is that the 
Perceived relative depth between objects 


resulting from size cues is some function 
of the S’/g values 


ne suggestion for this 
I c rom the size-distance 
mvariance hypothesis (cf. Kilpatrick & 


B. 
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Ittelson, 1953) of which perceived size 
as a cue to distance is a particular case 
(Epstein, Park, & Casey, 1961). The 
size-distance invariance hypothesis can 
be expressed (Gogel, 1964b; Kilpatrick 
& Ittelson, 1953) as 


, AS? 
D-5 [1] 
where K, is a constant for a particular 
observer or situation. Equation 1 states 
that a particular value of retinal size (8) 
and a particular value of perceived size 
(S') determines a particular perceived 
absolute distance (D’). Also, according 
to Equation 1, j 


E Ss! 
i= = E pee 
=2(2-2), m 


where d'.z = D'y — D'e. From the previ- 
ous discussion, the use of a comparison 
field, for the measurement of the per- 
ceived distance of familiar experimental 
objects results in apparent equidistance 
adjustments as determined by equal 
values of S’/@ of the experimental and 
comparison objects. A review of the 
available evidence will demonstrate that 
when a comparison field is used the re- 
sulting data usually are in agreement 
with Equation 1. However, it will also be 
asserted that such agreement would 
occur whether Equation 1 is valid or not. 
Suppose that a double-sized playing 
card (17.8 cm. high) is presented at 304 
cm. in an experimental field and its 
apparent distance measured with a com- 
parison field. The double-sized card 
eei will appear to be 8.9 cm. high 
a Pa height) and will subtend a 
et of .058 radians. It follows 
is aes he S’/6 value of the playing card 
T a radian. The comparison field 
» Eto cue situation such that the 
wit comprising the comparison field 
ies eat perceived to be their physical 
a erefore, an object, for example, a 
re, 8.9 cm. high, at 152 cm. in the 


comparison field will appear to be 8.9 cm. 
high, will subtend a visual angle of .058 
radians, and will have an S’/6 of 152 cm/ 
radian. Since the square and the playing 
card have equal S’/@ values, the playing 
card will appear to be at the same 
distance position as the square in the 
comparison field. As is the practice when 
using comparison fields, the 152 cm. 
distance of the square from O would be 
taken to be a measure of the perceived 
absolute distance of the playing card, 
Actually the playing card in the experi- 
mental field might have been perceived 
by O at any or no absolute distance with- 
out changing the measured result. The 
unwarranted conclusion would be made 
that the double-sized playing card phys- 
ically located at 304 cm. actually ap- 
peared to O to be 152 cm. from himself. 
From the results of such measurements, 
the unwarranted conclusion would be 
drawn that familiar objects of particular 
retinal sizes will be perceived to be at 
distances which normal-sized objects of 
that familiar category would have to 
occupy in order to produce the particular 
retinal sizes. This is also the conclusion 
which would be predicted from Equations 
1 or 2 when 1/Ki = 1. Therefore, the use 
of comparison fields should result in 
Equations 1 or 2 being satisfied regard- 
less of the validity of these equations. 
In Equation 1, measurements of SD 
and 0 should reflect the perceived size, 
the perceived distance, and the visual 
angle, respectively, of the experimental 
object. However, according to the point 
of view of this paper, when the “there- 
ness-thatness” apparatus is used, the ex- 
perimental object will appear equidistant 
with that object in the comparison field 
which has the same value of S’/0 as does 
the experimental object. Furthermore, 
the rationale of using comparison fields 
requires that the physical distance of this 
apparently equidistant object in the com- 
parison field be taken as the perceived 
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51c, Experiment IL], objects with induced apparent 
OF nonfamiliar objects [Over, 1963] 
is in radians.) 


distance of the experimental object. Plotted against S’/@ with 0 expressed in 

Therefore, S” and 6 refer to events in both radians, If this reasoning is correct, the 

the comparison and experimental fields results from using a comparison field are 

while D’ js measured by D in the com- likely to measure the amount of size 

parison field Equation 1 can be put in constancy in the comparison field rather 

the form than the perceived absolute distance of 
S_igs the experimental object. It will be noted 
D RD? [3] that a value of YA 


where S/D = @ in radians. But if D' is 
assumed to be measured by D in the 
comparison field, it follows from Equa- 
tion 3 that the only requirement in order 
for 1/Kı to equal unity in Equations 1 
and 2, is that S’ is Proportional to § in 
the comparison field, is 
might be termed the condition of veridi- 
cality of perceived size in the comparison 
field, that is, perfect size Constancy in the 
comparison field. It follows that, if 
perfect size constancy occurs in the com- 


that Particular catego 
occupy to subtend th 
size, that is, if the reti 
object were a veridi 
absolute distance, 


D and S’/g from th 


1= 1 in Equations 1 
Expected if the 
e perceived at a 

al-sized object of 


e particular retinal 
nal size of a familiar 
cal cue to perceived 


Ows the relation between 
Tee experiments in 
Ness-thatness type of ap- 


parison field, and if the judgmental 
process involves only the comparison of Equation i 
S'/8 values between experimental and 
comparison objects, the data obtained 
from using the comparison field should 
have the slope 1/K, = 1, when D’ js 


f the data fitted 
if 1/K, were 
of data points 
nction passing 
origin of Figure 2a would 
ith the slope of the 


SIZE CUE TO PERCEIVED DISTANCE 229 


function determining 1/Kı. The data 
points marked by filled triangles in 
Figure 2a represent the average results 
from successively presenting three differ- 
ent retinal sizes of a playing card to the 
same group of observers in a study by 
Ittelson (1951c, Experiment II). In order 
to calculate S’/@ for this study, it was 
assumed that S’ was 8.9 cm. (the height 
of a normal-sized playing card). The 
average data are very close to the line 
representing 1/K, = 1. The data points 
marked by filled circles in Figure 2a give 
the average results from a control group 
of Os in an experiment by Epstein (1961, 
Experiment I) in which playing cards of 
different angular sizes were presented 
successively with measurements taken of 
both apparent size and apparent dis- 
tance. In spite of the factor of familiar 
Size, the cards were not always perceived 
to be of the same size. Nevertheless, the 
data reasonably fit the line representing 
1/K, = 1. From the viewpoint of the 
present paper, the results from both of 
these studies are interpreted to mean 
that the cards were perceived to be 
located at those distance positions in the 
Comparison field at which the comparison 
and experimental objects had equal 
values of S’/@ and that, as might be ex- 
pected, perceptions of size in the com- 
Parison field were essentially veridical. 
When the perceived size S’ of the playing 
te in the experimental field differed 
oe. that expected from familiar size, 

e measured perceived distance was in 
agreement with the S’/@ value, not in 
agreement with familiar size. The data 
ace marked by open circles in Figure 
; re the average results from the study 
a Epstein (1963) in which figures of 
3 aie kinds of coins with different 
a lar sizes, but with constant retinal 
He rp presented singly to different 
A n of Os. Pinhole viewing was used 
aa minate accommodation as a dis- 
e cue. Both the sizes and the dis- 

ces of the coins were judged. The 


judged sizes of the coins were close to 
those of normal-sized coins of the par- 
ticular denominations. The average data 
lie near the solid line representing 1/Kı 
= 1 in Figure 2a. 

Equation 1, with a value of 1/Ki = 1, 
also can be approximately satisfied when 
nonfamiliar objects are used in the there- 
ness-thatness type of apparatus. This is 
indicated by the results obtained with 
nonfamiliar objects in the study by 
Ittelson (1951c) and also by the open 
triangles marking data points in Figure 
2a. The open triangles marking data 
points in Figure 2a are the average results 
from an experiment in which different 
discs of different colors and different 
angular sizes were presented one at a 
time to the same group of Os with 
observer judgments made of both the 
sizes and distances of the discs (Epstein, 
1961, Experiment II). 

It seems that the data of Figure 2a are 
in agreement with Equation 1, since 
essentially the data points seem to lie on 
a straight line passing through the origin. 
But, the data do more than satisfy 
Equation 1, in general. Specifically, the 
data lie close to the line specified by 
1/K, = 1. These results would be ex- 
pected if, as this paper asserts, the Os 
(regardless of their intentions) were 
matching S’/6 values between the experi- 
mental objects and objects in a veridi- 
cally perceived comparison field instead 
of judging the absolute distances of the 
experimental object. Either this inter- 
pretation or Equation 1 is adequate for 
all the results shown in Figure 2a. The 
interpretation that the standard objects 
were perceived at absolute distances, 
consistent with normal-sized objects of 
the particular retinal sizes, is appropriate 
for all but the data points marked by 
open triangles in Figure 2a. 

If the use of comparison fields is not 
an appropriate method of testing Equa- 
tions 1 and 2, and if Equations 1 and 2 
are not valid, methods of measuring per- 


230 WALTER C. GOGEL 


ceived depth from size cues which do not 
use comparison fields should give results 
in disagreement with these equations. 
The study by Gogel et al. (1957) in which 
playing cards of different Tetinal size 
were presented one at a time to four 
different groups of Os is pertinent to this 
problem. Perceived distance was meas- 
ured by kinesthetic judgments and 
verbal reports rather than by means of a 
comparison field. The perceived absolute 
distance of the cards was indicated by 
the responses to the first presentations 
of the card. Perceived relative distance 
was indicated by the response changes 
between successive presentations of the 
cards to the same Os. In applying the 
results from this study to Equation 1, 
the perceived size S’ of the playing cards 
can be assumed to be the height of a 
normal-sized card (8.9 cm.). The results 
from neither the first nor the successive 
presentations support Equation 1. In the 
former case, the pe 
distance of the cards did not differ sig- 


size (0). In the latter case, a plot of the 
average values of D' against S'/0, if 
extended, would not Pass through zero 
as Equation 1 requires, 

Results from other studies in which 
comparison fields were not used are 
shown in Figure 2b. In a study by Over 
(1963), four Os made 90 verbal judg- 
ments of the size and distance of dia- 
mond-shaped figures (squares) of differ- 
ent physical sizes presented successively, 
at various distances, under reduced view- 
ing conditions, that is, with no size or 
distance cues present except the size cue 
between successive presentations, Fol- 
lowing this, the same Os repeated the 
judgments under unrestricted viewing 
conditions, that is, conditions in which 
many size and distance cues were avail- 
able. Since the same Os were used for the 
successive presentations, the judged dis- 
tances in the reduced cue situation prob- 
ably were not perceived absolute dis- 

tances. However, the differences between 
pairs of distance judgments can be inter- 


preted as representing perceived relative 
distances. No perceptual scale was avail- 
able under the reduced viewing condi- 
tions and it is, therefore, unlikely that 
the magnitude of any single perceived 
relative distance was meaningful. How- 
ever, changes in perceived relative dis- 
tance as a function of changes in relative 
retinal size would be meaningful data. 
The results from the reduced viewing 
conditions are given by the open circles 
marking data points of Figure 2b. The 
solid line curve of Figure 2b again 
represents Equation 1 with 1/K, equal 
to unity. The judgments made in the 
reduced viewing conditions are not in 
agreement with Equation 1. As shown by 
the data points marked by open circles, 
judgments made in the reduced viewing 
conditions appear to determine a curvi- 
linear rather than a linear function. The 
judgments made under the unrestricted 
viewing conditions involved many cue 
systems in addition to that of size. The 
data from the unrestricted viewing condi- 
tions (not shown in Figure 2b) as ex- 
pected, are close to the curve labeled 
1/Ki = 1. The unrestricted viewing data 
are not pertinent when considering the 
function involved in perceived size as a 
cue to distance, 
from the unres 
do demonstrate that the method of 
judging size 

study was ya) 
that the cu 


Points marked by the fi 


3 lled circles and 
open triangles of 


€ Figure 2b, The data 
points marked by open triangles refer to 


the average verbal reports of the distance 
of a rectangular figure designated as the 
size of a 12-inch ruler (Experiment II). 
As discussed previously, different retinal 
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sizes of this figure were presented to 
different groups under reduced condi- 
tions of observation, with 10 Os in each 
group. It will be noted that the resulting 
curve is essentially in agreement with 
Equation 1, with 1/K, = 1. The data 
points marked by filled circles in Figure 
2b refer to the average results from 
Experiment I by Baird in which different 
assumed sizes were induced in a triangle 
of constant retinal size by first showing 
rectangles of differing retinal size with 
each rectangle designated as being 12 
inches wide. Only the results obtained 
under objective instructions in Experi- 
ment I were used in Figure 2b. Size 
judgments were made by using a com- 
parison triangle, and distance judgments 
were made verbally. Most likely, the 
data points marked by filled circles 
represent relative judgments of size and 
distance. Since the distance judgments 
for the middle and small retinal sizes 
were greater than the distance to the 
comparison object, it is likely that the 
comparison field could not completely de- 
termine the distance judgments. Clearly, 
the curve which would result from con- 
necting the data points marked by filled 
circles does not fit Equation 1. Also, this 
curve, unlike the curve which would 
result from connecting the data points 
marked by triangles in Figure 2b, seems 
essentially nonlinear. The data points 
marked by the open triangles and filled 
circles involve perceived absolute and 
perceived relative distance, respectively. 
However, if the curve resulting from the 
ge absolute distance data is linear, 
a i curve resulting from the perceived 
me distance data, according to 
yaaa 1, should be linear also. The 
Sone between the shape of these two 
2b) — rom the study by Baird (Figure 
“pei difference between the results 
io ht and successive presenta- 
ein bed a study by Gogel et al. (1957) 
The a AE ina similar manner. 
d s from both studies can be in- 
tel to mean that perceptions of 

ive distance from size cues are not 


always explainable in terms of differences 
between perceptions of absolute distance. 

Only the data points marked by open 
triangles in Figure 2b support Equation 
1. The data in Figure 2b which do not 
support Equation 1, also do not support 
Equation 2. However, there are several 
studies which directly have measured d’ 
rather than D’ as a function of size cues. 
An experiment which can be applied 
here is the experiment by Ittelson (1951b, 
Experiment II) in which three playing 
cards of different physical sizes were 
presented one at a time, and moved a 
constant distance toward and away from 
O, in a visually reduced experimental 
field. Using a comparison field, five Os 
judged the nearest and farthest positions 
of the movement for each of the physical 
sizes of the card. The physical distance 
between these judgments can be taken as 
d’, 0 can be calculated from the physical 
sizes and the physical distances of the 
near (e) and far (f) positions, and S’ can 
be assumed to be the size of a normal 
playing card (8.9 cm. high). The results 
from plotting the average values of d 
against differences in S'/@ are shown by 
the data points in Figure 3a. The straight 
line labeled 1/Ki = 1 again represents 
the results expected if 1/Ky in Equation 2 
were unity. The curve which would 
result from connecting the data points of 
Figure 3a, although linear with a slope of 
approximately unity, would not pass 
through zero as Equation 2 would re- 
quire. Either the data do not support 
Equation 2, or the discrepancy is & 
consequence of some interaction between 
the experimental and comparison fields, 
which effectively added a constant to the 
obtained results. In the study by Epstein 
and Baratz (1964, Experiment II), a 
comparison field was used to measure the 
perceived depth between pairs of simul- 
taneously presented coins with each coin 
subtending one of three possible retinal 
sizes. Thirty-two Os adjusted two non- 
sense-form comparison figures to dupli- 
cate the apparent distance between each 
of the pairs of coins. The radial difference 
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3a. Apparent” depth between terminal 
depth positions*of moving playing cards 
(Ittelson, 1951b, Experiment II). 


Fic. 3. The relation between perceived relative distance (d'e 


sizes per unit of retinal sizes (S’s/0s 


between the adjustments in the com- 
parison field for each pair of coins was 
considered to be the perceived depth d’ 
between the pairs of coins, Figure 3b 
shows the obtained relation between d's 
and S’//0; — S’./8., with each data point 
being the average result from a particular 
pair of coins. The values of S’ used in 
determining S’/@ in Figure 3b were ob- 
tained from the average apparent sizes of 
monocularly observed coins obtained 
under similar conditions in the study by 
Epstein (1963, Table II) discussed previ- 
ously. From Figure 3b it is clear that the 
perceived depth between coins (as meas- 
ured in the comparison field) and the 
algebraic difference between values of 
S'/0 are related (r = -90) and, in general, 
satisfy Equation 2 with 1/Kı = 1 (al- 
though there is possibly some tendency 
for the relation to be nonlinear for larger 
differences in S’/@). Again, these results 
can be interpreted either as valid evi- 
dence for Equation 2 (and 1) or, as an 
artifact resulting from the use of a com- 
parison field. Ina recent study, Epstein 
(1964), using a comparison field, had 18 
Os adjust nonsense-form comparison 


— S'./0). (The terms d'en, S'a, and S'y are i 
terms 0. and 6; are visual angles expressed in radians.) 
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3b. Apparent depth between pairs of 
coins (Epstein & Baratz, 1964). 


1) and differences between perceived 
n centimeters. The 


figures to duplicate the apparent depth 
between simultaneously presented pairs 
of nonfamiliar, luminous squares of 
different retinal sizes presented in a dark 
experimental field. The radial difference 
between the adjustments in the com- 
parison field for each pair of squares was 
Considered to be the perceived depth (d’) 
between the pairs of Squares, If it is 
assumed that the perceived size of the 
Squares Was constant throughout this 
experiment, Equation 2 can be tested by 
plotting the average obtained values of 
d’ against 1/0; — 1/0.. Using this pro- 
cedure, it was found that the data do not 
fit a straight line which Passes through 
the origin as Equation 2 requires, The 
results from this experiment do not 
support Equation 2, 


Retinal Size Ratios 


e as Size Cues to Relative 
Distance 


Based upon the con 
ceptually significant 
relative rather than al 


clusions that per- 
cues (a) involve 
bsolute retinal size 


than displaced objects, it has been sug- 
gested (Gogel, 1963) that “ratios of Os 
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rather than 0s per se [p. 116]? are the 
retinal stimuli for the relative size cue to 
relative depth. According to this point of 
view, two perceived depth intervals d'es 
and d'n would be perceived as equal, 
using the relative size cue resulting from 
similar objects, only when the ratios of 
the retinal sizes between each pair of 
objects are equal. That is, assuming that 
SS p= Sc S's, 


d'y = d'on only when 0/0; = 9/0. [4] 


Equation 4 can be contrasted with Equa- 
Hon 2, with the latter stating that if 
S'e = S'y = Se = S'i 


d'es = d'on only when 
1/0; = 1/6. iii 1/6, = 1/6). [5] 


Three of the pairs (e and f) of retinal 
stimuli involved in the recent study by 
Epstein (1964) produced a constant ratio 
of retinal sizes @,/0; and resulted in a 
nearly constant value of perceived depth 
d'es. It was concluded by Epstein (1964) 
that the results from this study support 
the hypothesis that the perceived depth 
between the pairs of objects was deter- 
mined by the ratio of their retinal sizes. 
Within the limitations involved in the 
use of comparison fields for the measure- 
ment of depth between nonfamiliar ob- 
Jects, this conclusion supports Equation 
4. An equation relating d’ and size cues 
probably should satisfy at least the fol- 
owing conditions: (a) the requirement 
that S’/0 is the significant variable in the 
Size cue to relative depth; (b) the re- 
quirement that d’ is zero, positive, or 
meee when S’,/@, is equal to, less than, 
(o e than Sy 5/95, respectively ; 
ts eat that ratios of Os rather 
rae S per se are the perceptually 
i cant stimuli; (d) the probability 
Bar, D is „2 negatively accelerated 

ction of S’/@. An example of one of the 


simplest equati . p e 
E q 10NnS satisfyir g these re- 
quirements is: : 


= T PFA [6] 


where T is an observer constant. Equa- 
tion 4, for example, can be derived 
directly from Equation 6. It is obvious, 
however, that additional research will be 
required, and preferably by methods 
other than those using comparison fields, 
before the psychophysical function of the 
size cue to relative depth can be specified 
with confidence. 


CONCLUDING REMARKS 


It is concluded that both perceived 
size S’ and retinal size 0 are involved in 
both the relative (retinal) size cue and 
the familiar (or assumed) size cue to 
relative depth. Furthermore, it is as- 
serted that these two factors are the only 
factors involved in the size cue to relative 
depth. When the two factors S’ and 6 are 
expressed as the ratio S'/@ they can be 
shown to be applicable to any objects 
regardless of the shape or complexity of 
the objects. It is clear that, from this 
point of view, size cues to relative depth 
occur, for example, between a rock and a 
tree as well as between two playing cards 
or other symmetrical objects. The S'/8 
value of each of the two (or more) objects 
must be considered in predicting the 
perceived depth which will occur be- 
tween them. It remains to specify the 
exact relation which occurs between 
perceived depth and the relative values 
of S’/@. The evidence that the size- 
distance invariance hypothesis in its 
usual form can specify this relationship 
at first appears conclusive. However, 
much of the evidence for this conclusion 
was obtained by using comparison fields 
for the measurement of perceived dis- 
tance. It is asserted that the use of a com- 
parison field introduces an artifact in the 
measurement of perceived depth from the 
size cue. An analogous case would be an 
attempt to measure the effect of the 
convergence of the eyes on perceived 
distance by measuring the perceived 
position of a binocularly observed, experi- 
mental object with respect to a binocu- 
larly observed, comparison field. The 
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experimental object would appear equi- 
distant with that object in the com- 
parison field with respect to which its 
binocular disparity was zero. Clearly, 
this result would have no bearing on the 
possible relation between convergence 
and perceived distance. Similarly, an 
experimental object with a particular 
value of S’/@ will appear equidistant with 
that object in the comparison field which 
has the same value of S’/@. This result 
has no bearing upon whether familiar 
size is a cue to perceived absolute dis- 
tance or, more generally, no bearing upon 
the validity of the size-distance invari- 
ance hypothesis (Equation 1). Equation 
1 as it applies to size cues may be correct. 
But, such a conclusion cannot be made 
with confidence on the basis of evidence 
resulting from the use of comparison 
fields. Furthermore, there is some evi- 
dence which indicates that, contrary to 
Equations 1 (and 2), the perceived 
distance resulting from size cues is not a 
linear function of S'/0. An hypothesis 
which might be called the ratio hy- 
pothesis is tentatively suggested (Equa- 
tion 6) as meeting certain requirements 
of the operation of the size cue to relative 
depth. 

If, as seems likely, the perceptual 
effect of relative values of S’/6 can occur 
between the experimental and compari- 
son field, even though the two fields are 
not presented simultaneously, the speci- 
fication of comparison fields becomes 
more general. A comparison field is any 
visual field which O has observed prior 
to, or simultaneously with, the observa- 
tion of the experimental object. (It is 
also possible that a visual field which 
occurs following the presentation of the 
experimental object might affect the 
perceptions associated with the experi- 
mental object.) This more general defini- 
tion of comparison fields calls attention 

to the possibility that the occurrence of 
visual fields prior to the experiment can 
affect the perception of the distance or 
the size of the experimental object even 


though no comparison fields are formally 
presented in the experiment. As men- 
tioned previously, however, it seems 
reasonable that the magnitude of the 
interaction between the experimental 
field and the comparison field (as defined 
either in the specific or more general 
sense) would be a decreasing func- 
tion of the time intervals between their 
occurrences. 

The more general definition of com- 
parison fields can be used in explaining 
the difficulty involved in investigating 
the perceived absolute distances of 
familiar objects when using successive 
Presentations of the experimental objects 
to the same O. A previously presented 
experimental object becomes a compari- 
son object for the following experimental 
presentation. The methodological error 
involved in attempting to measure the 
perceived absolute distance of the experi- 
mental objects under these conditions is 
the same as that which occurs with the 
use of any comparison field. Objects or 


object can be compared. Therefore, in 
, the perceptual local- 
mental object is likely 
to be determined by its size cue (5/0 
ct to the comparison 
ously presented experi- 
ather than by the size 
to its distance from O. 


that the percei 
disparity varie: 
values in the 
objects produ 
fore, the concept of S5’ 
concept which relates the binocular dis- 
parity and size cue Systems. If so, it is 
likely that the prevalent distinction be- 
tween these two Systems as primary and 
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secondary cues is inappropriate since 
both cue systems are subject to the 
operation of a common factor. 
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portunities to test many of the formula- 
tions of psychoanalytic dream theory. 
One might theorize about many as- 
pects of dreaming. Psychoanalytic dream 
theorists have been much concerned 
with the meaning of dream content. 
They attempt to provide guidelines for 
the explanation and interpretation of 
manifest” dream content, feeling that 
such content conceals, but may be made 
to reveal, information about the dreamer 
and his conception of his world. Dream 
theories are also concerned with the 
functional significance of the dreaming 
Process, with statements as to why we 
dream at all, what Psychological func- 
tions are served by dreaming, and at 
least inferentially, what might happen 
to us were we unable to dream. Com- 
Prehensive dream theories have also 
been Concerned with describing dream 
formation and development, that is, 
they Purport to describe the processes 
of construction through which the dream 
ecomes an organized psychological 
event. 
; In this paper, we shall consider the 
implications of recent electrophysiologi- 
cal dream studies for the Portions of 
two major dream theories, those of 
reud (1956) and Adler (1958), which 
eal with dream formation and dream 


amine these theories in the light of 
on experimental data. In the pres- 
ntation of Freudian theory, concentra- 
er be focused upon those formu- 
„lons which lend themselves to some 


zi x 
nd of reasonably direct empirical veri- 
cation, 
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VO THEORIES OF DREAM FORMATION 


ae central propositions of Freud’s 
dr ) theory of dream construction or 
€am formation are: 


1. Dream formation and early phases 
of the organization of the dream will 
not be represented in the conscious ex- 
perience of the dreamer. The typical 
condition of sleep is a state of uncon- 
sciousness, a state in which no mental 
activity is available to personal aware- 
ness or to report to others. In discussing 
the “psychical conditions during the pe- 
riod of sleep which precedes dreams,” 
that is, the period in which the dream 
is being “formed,” Freud (1956) says 
“that we are dealing with an uncon- 
scious process of thought . . . [p. 281].” 
Much of the groundwork which has 
gone into the construction of the dream 
as an intelligible perceptual event takes 
place before the dream, in Freud’s term, 
“attracts” consciousness to itself. Freud 
suggests that the dream “is like a fire- 
work, which takes hours to prepare but 
goes off in a moment.” This prepara- 
tion is achieved outside the boundaries 
of consciousness. It is only when the 
intensity of these unconscious processes 
becomes sufficient to arouse mechanisms 
of consciousness, or when, “just before 
waking, attention becomes more mobile 
and comes to meet it,” that we experi- 
ence the dream as a conscious event 
(p. 576). 

2. The unconscious process which in- 
stigates dream formation is affective in 
character, and in particular, it is some 
derivative of the primary motives of 
sex or destructive hostility. In sleep, 
unexpressed and unexpressible sexual 
drives or hostility are freed from ex- 
ternal monitoring, and also from the 
kinds of internal monitoring which re- 
quire a high degree of cerebral vigi- 
lance. These impulses, long active, now 
press for some kind of expression. The 
dream provides the occasion for such 
expression. 

In its final form, the dream is a dis- 
torted and symbolic rather than a mani- 
fest, direct expression of the impulses 
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which instigate it. This reflects the fact 
that the forms of waking cortical inhibi- 
tion exercised over primitive emotional 
Processes are not entirely lacking dur- 
ing sleep. The dream is a fruit of com- 
promise: on the one hand, it does pro- 
vide an outlet for the expression of 
primitive emotional impulses; on the 
other hand, this expression is not (gen- 
erally) so blatant that the dreamer’s 
critical and inhibitory faculties will be 
extremely offended by its content. The 
manifest content of the dream, then, is 
not a direct reflection of the latent in- 
stigating “dream thoughts”; it is be- 
cause of this disjunction that the mani- 
fest dream requires “interpretation.” 

3. If repressed affect provides the en- 
ergy for dream construction, percep- 
tual-memorial events provide the raw 
material. The impulses find their way 
to expression along sensory, rather than 
motor, pathways. The dreamer does 
not, with a patterned sequence of mo- 
tor activities, inflict harm upon another 
person nor even go through all the ap- 
propriate motions (but, see Wolpert, 
1960); he may, however, visually hal- 
lucinate that he is harming someone, 
The kind of thinking in which sensory 
hallucination of a goal serves as a sub- 
stitute for its actual achievement Freud 
calls primary process thinking. Dreams 
represent the most acute manifestation 
in the adult human of this develop- 
mentally primitive, perceptual-halluci- 
natory, mode of thought. 

The raw materials used in dream 
construction must, therefore, be traces 
of prior perceptual experiences of the 
dreamer. In particular, Freud (1956) 
feels, very recent experiences, experi- 
ences from the day immediately preced- 
ing the dream, serve as basic elements 
in dream construction. These elements 
Freud calls day residues. The day resi- 
dues will often consist of memories of 
what appear to be rather inconsequen- 


tial happenings. But it is not what these 
Memories are that is important; it is 
the fact that they can represent, or 
serve as screens for, the repressed im- 
pulses. The more inconsequential the 
day residues are, the better they may 
fulfill their function of disguising so- 
cially unacceptable impulses. 

But Freud (1956) notes that dreams 
include much “infantile” perceptual ma- 
terial as well as the “recent and indif- 
ferent” material Tepresented in day 
residues, Dreams, in fact, 


l; “recent” impressions) with 
the earlier ones [p. 169]. 


It is throu 


with day-residue material that older 
sensory m 


turn, it is th 


tion of the dream. 


4: The day residues, and their asso- 


Clated infantile memories, are the basic 
elements of 


memories. Fr 


cate the task of 
appear for severa] 
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entation will be as economical as pos- 
sible, that is, for purposes of the con- 
servation of psychic energy. These are 
the functions served by a series of 
Processes to which Freud applies the 
term dream work. These processes in- 
clude: condensation, displacement, and 
symbolization. The operations of these 
Processes make the dream progressively 
less intelligible to waking consciousness 
and progressively detached from its 
moorings in unretouched sensory mem- 
ory. 

Let us now examine, briefly, one 
other theory of dream formation, that 
of Alfred Adler (1958). While Adler’s 
theory of dreaming is by no means as 
comprehensive or detailed as is Freud’s, 
it has gained much significance because 
it has formed a large part of the con- 
Ceptual foundation of several recent and 
highly influential dream theories, those 
of Erich Fromm (1957) and Calvin 
Hall (1959). It is possible, moreover, 
to find some assertions about the proc- 
esses of dream formation and dream de- 
velopment in Adler’s (1958) own writ- 
ings and in a recent restatement of the 
Adlerian position by Ullman (1962), 
assertions at considerable variance from 
those made by Freud. 

1. Sleeping and waking thought are 
Not totally incompatible with one an- 
other; we must recognize the essential 
Continuity of all forms of thought. In 
Particular, Adler objects to Freud’s con- 
sgn of dream thought as determined 
ed 3 oe relatively inoperative 
oe > ing thought—the unconscious— 
= Bs Sis distinction of primary proc- 
to 5 reality-centered thinking, with 
litter rmer characterizing sleep and the 
rot wa kefuliess. There is, to be sure, 
anA ha T rance between dream thought 
tive ee thought, but it is a rela- 
Bote er than an absolute, one. The 
eae maintains fewer relations with 

y. Yet there is no complete break 


with reality; he is still in contact 
with it. 

2. The instigation of dreams is not 
always, or even often, due to sexual or 
hostile motives, any more than waking 
thought is generally dominated by such 
motives. Again, Adler insists that the 
dream cannot be a contradiction of 
waking life; it is always consonant with 
one’s waking style of life. 

In common with Freud, Adler feels 
that we dream when we are troubled by 
something. We dream only when unre- 
solved problems from waking life, which 
Ullman (1962, p. 20) characterizes as 
the “sore spots” of one’s existence, 
press upon us during sleep. It is the 
task of the dream to meet and to try to 
solve such problems. The troublesome 
“something” which instigates the dream 
is, then, a problem from conscious ex- 
perience, not a problem which has been 
repressed and of whose existence the 
waking organism is totally unaware. 
Freud (1956), on the other hand, rele- 
gates such problems to a “secondary 
position [p. 554]” with respect to dream 
formation. 

3. The raw material of the manifest 
dream content comes from memories of 
prior perceptual experience, particu- 
larly from day residues. But, in Ad- 
lerian theory, the day residues are im- 
portant in themselves, as representa- 
tions of waking concerns; they are not 
important simply as “screens” for some- 
thing else. Adler does not share Freud’s 
(1956) feeling that day residues are 
“some cheap material [p. 237]” of 
little significance in determining the di- 
rection of the dream. 

4. In the dream, these residues are 
transformed or worked over until the 
ultimate product becomes a deceitful 
working through of a waking problem. 
Adler (1958) speaks of the dream as 
being constructed “to fool us [p. 107].” 
As Ullman (1962, pp. 23-24) has 
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pointed out, there is some contradic- 
tion here of Adler’s basic theme of 
the continuity of waking and sleeping 
thought. The mechanisms of distortion 
which Adler seems to recognize include 
condensation, displacement of empha- 
sis, and symbolization. There seems to 
be a greater stress in Adler than in 
Freud, however, upon the expressive 
nature of symbolic representation. In 
dreaming, we make use of those images 
and incidents which best agree with our 
style of life and which best express the 
present problem. This relatively strong 
emphasis on the symbol that expresses 
rather than the symbol which disguises 
is consistent with the notion of a conti- 
nuity between waking and sleeping 
thought and becomes the keystone of 
Fromm’s (1957) and Hall’s (1959) 
theories of dreaming. 


ELECTROPHYSIOLOGICAL STUDIES AND 
DreaM-ForMATION THEORY 


It is apparent from the Dement and 
Kleitman data that both Freud and 
Adler misjudged the conditions under 
which dreaming occurs. Both seem to 
feel that we dream as it is needed, that 
is, in proportion to the number and in- 
tensity of our personal problems. But 
the facts seem to be that most adult hu- 
man beings spend approximately 20% 
(e.g., Dement & Kleitman’s figure, 
1957a, is 18%) of their sleep in REM 
periods, periods which produce the kinds 
of mental content with which both 
theories are concerned. These periods 
recur in all individuals studied in a 
highly predictable cyclic fashion. Indi- 
vidual variations from the 20% figure 
have been minimal and there is little 
evidence that they are related to the 
nature or extent of personal problems. 
We seem to dream as physiological cy- 
cling indicates, not as relative degree 
of latent psychological trauma dictates. 
Tt is still possible, of course, that emo- 


DAVID FOULKES 


tional complexes take advantage of the 
dreaming process, but apparently they 
do not, at will, precipitate that process. 

The Dement and Kleitman (1957b) 
recall data were collected well after 
dream onset in the case of REM-period 
awakenings and other than immediately 
before REM onset in the case of NREM 
awakenings. For these reasons they pro- 
vide an insufficient base for further 
evaluation of theories concerning events 
occurring at dream onset. Several more 
recent studies, however, have arrived 
at basically similar data which seem 
highly relevant to the characterization 
of the processes of dream formation and 
dream development. 


Studies of Pre-REM Mentation 


Foulkes (1962) conceived his study 
as an objective study of dream forma- 
tion. Eight subjects were run for 7 
nights each. Awakenings were made at 
various points in the sleep cycle clus- 
tered around the onset of REM pe- 
riods, thosé portions of the sleep cycle 
in which, according to Dement and 
Kleitman (1957b), dreams would be 
occurring. It was reasoned that such 
awakenings might provide an empirical 
basis for theorization about dream on- 
set and the characteristic sequence of 
dream development. Foulkes found, 
however, that subjects produced reports 
of mental phenomena from NREM 
sleep almost as often as they did from 
REM sleep. Apparently no point of 
absolute dream onset exists, in the 
sense that there is no point in the sleep 
cycle at which consciousness suddenly 
appears. It seems to be there all along. 

There was, however, some indication 
of progressive changes in the quality of 
sleep consciousness around the point of 
REM onset. More generally, content 
from pre-REM and REM stages of 
sleep differed systematically along 4 
number of dimensions. As assessed by 
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direct questioning of the subjects dur- 
ing the night and by responses to rat- 
ing forms taken on the following morn- 
ing, reports from the pre-REM periods 
were less likely than REM reports to 
be labeled as “dreams,” more likely to 
be called “thoughts”; less likely than 
REM reports to be vivid or highly 
elaborated; and more likely than REM 
reports to be intimately associated with 
recent and everydayish activities of the 
subject, sometimes to the point of con- 
sisting purely of memories of such 
events. 

The nature of these differences may 
be appreciated more fully perhaps with 
several examples of REM and NREM 
reports. The following reports were ob- 
tained from an adult male subject who 


was employed by the Internal Revenue 
Service: l 


7 1. He asked an acquaintance at work for a 
ammer, so that he could fix something in his 
apartment, (NREM) 

R 2. He was thinking of a point made in his 
ax class, that you have to provide over half 


of a person’s suppor i i 

MT (NREM? t to claim him as a de- 
Btw sis a phone call in the middle 
four iene from a girl identifying herself as 
it e University of Chicago. She said that 
ìt was time for his “35-day evaluation.” He 
chided her for calling so late at night. She re- 
plied that it was the only time they could 


get him in, (REM, 3 mi 
. minutes afi 
D , after onset of 


The first two reports, which are typical 
of this subject’s NREM reports, have 
h ie age quality which the third 
bess acks. In commenting on the 35-day 
= uation by the University of Chi- 
: E with which his only connection 
on 1S service in the dream study, the 
ee noted that he was in a 90-day 
a F ionary period in his new job. He 
el a receive $35.00 for his services 
a E bit It seems, then, that 
Es ot and work experiences have 
a thet ed in the REM period dream 
at neither experience is portrayed 


with complete accuracy. In the second 
report, however, the subject is reex- 
periencing, in a completely undistorted 
manner, the recent experience of con- 
sidering one of the details of his new 
job. The purely conceptual quality of 
this report was a fairly typical NREM 
characteristic for three of the eight sub- 
jects in this study. 

The other subjects generally had 
somewhat more “dreamlike” NREM re- 
ports. The following examples come 
from such a subject, an undergraduate 
major in English literature. 


1. He pictures Anna Karenina. She is sit- 
ting at a table, then gets up, turns to the left, 
and walks away. (NREM) 

2. He is in a sleep laboratory, filling out a 
pencil and paper form. Someone passes by, 
commenting that the task is a stupid one. 
(NREM) 

3. In the first scene, he is standing on a 
street corner, holding his bicycle, and talking 
to someone about a girl who wanted to be a 
striptease dancer. 

In the second scene, he is in a doctor’s 
study with two women and the doctor. They 
are discussing two books. The heroine in the 
first book was a striptease dancer, but is no 
longer this, but a nurse. The women are dis- 
cussing how much hardship she has as a 
nurse. A discussion then ensues of a second 
book, by John Steinbeck, in which the main 
character, also a nurse, did not, apparently, 
endure similar hardship. The women discuss 
this avidly, as if they were going to go into 
“this sort of thing.” (REM, 3 minutes after 
onset of eye movements) 


The first two reports of this series seem 
to be tied much more clearly, and with 
much less distortion, to recent manifest 
behaviors or concerns of the subject. In 
the first, he brings to life a character 
of a novel which he is reading; in the 
second, he takes notice of the question- 
naire which he must fill out each eve- 
ning at the laboratory, and makes, 
through a vaguely identified figure, a 
comment as to how he views this labor. 
Although these NREM reports are more 
detailed and dreamlike than those of 
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the previous subject, there is still a 
striking difference with REM content 
in terms of distortion and elaboration. 
Confirmation of the reliability of the 
differences found in the Foulkes (1962) 
study between REM and NREM ma- 
terial has been obtained by Rechtschaf- 
fen, Verdone, and Wheaton (1963). 
These authors studied the REM and 
NREM mentation of 17 normal sub- 
jects for a total of 30 nights and report 


that: 


In every instance where the variable being 
measured was comparable, i.e., recall, think- 
ing-dreaming, vividness, visual-conceptual, vo- 
litional control, plausibility, time referent, and 
emotionality, Foulkes’ results were in the 
same direction as ours. The two studies were 
done entirely independently, and neither in- 
vestigator knew the variables the other was 
studying [pp. 410-411]. 


In the course of a study of the effects 
of presleep stimuli on dream content 
(24 subjects, 2 nights each), Foulkes 
and Rechtschaffen (1964) have re- 
ported still further confirmation of the 
reliability of the differences noted above 
between REM and NREM content. 
But can the NREM reports of these 
three studies be accepted as valid indi- 
cators of mental processes occurring 
during NREM sleep? Can we be sure 
that these reports are not awakening 
artifacts, representing material experi- 
enced after the onset of the awakening 
stimulus? Can we be sure that these re- 
ports are not recollections of material 
experienced in previous REM periods? 
The available evidence, discussed else- 
where (Foulkes, 1962; Rechtschaffen, 
Verdone, & Wheaton, 1963) would seem 
to indicate that most NREM content 
ss just what it appears to be: it repre- 
Š $ experiences which occur during 
NREM sleep. The failure of Dement 
nd Kleitman (1957b) to uncover this 
a: d of material, which failure is re- 
ae for raising the question of 


validity with respect to later findings 
on NREM recall, appears to be attrib- 
utable to their very stringent criterion 
of recall, quoted above, and to several 
features of their awakening procedure 
which probably served to depress recall 
outside REM periods (Foulkes, 1962). 


Pre-REM Mentation and Dream For- 
mation Theory 


What, then, do these apparently con- 
sistent and valid findings on mentation 
occurring outside REM periods suggest 
about the validity of the two theories 
of dream formation which we are ex- 
amining? 

1. Freud’s characterization of the 
sleep in which full-fledged dreams are 
not occurring as periods of unconscious- 
ness seems to be inaccurate. The typi- 
cally bizarre and elaborate REM-period 
dream does not burst like a sudden fire- 
work against a background of complete 
darkness; it develops in a context of 
already ongoing mental activity. 

Parenthetically, we may inquire 
whether someone of Freud’s stature 
could have been totally unaware of the 
existence of the everydayish thinking 
which seems to take place during much 
of the sleep cycle. As we might suspect, 
the answer is no. In Freud’s (1959) pa- 
per “Dreams and Telepathy,” he notes 
that there are mental events during 
sleep without condensation, distortion, 
dramatization, and wish fulfillment. 
These unaltered repetitions of actual 
daily experiences he calls night phanta- 
sies (p. 421). That the admission of 
night phantasies has not played any 
major role in Freud’s theory of the 
dream process may be seen, however, 
in their treatment in The Interpreta- 
tion of Dreams (Freud, 1956). There 
(p. 331), Freud indicates that he once 
considered the possibility of such a class 
of sleep mentation, but later dropped 
that category. The net impact of his 
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total theoretical position, therefore, has 
been that we experience alternating pe- 
riods of unconsciousness and conscious- 
ness during sleep, consciousness appear- 
ing when the dream is sufficiently well 
developed to “attract” it. This now 
seems to be a misleading characteriza- 
tion of sleep consciousness. 

2. There is a strong resemblance be- 
tween the NREM content which pre- 
cedes dream periods and the Freudian 
concept of day residues from which 
dreams are presumed to develop. Inso- 
far as the day-residue material reveals 
Some of the “background thoughts 
[Freud, 1956, p. 103]” of the dream 
collection of NREM material could fa- 
cilitate dream interpretation in a more 
direct manner, perhaps, than even the 
waking free associations upon which psy- 
choanalytic interpretations have hereto- 
fore depended so heavily. The whole 
body of NREM material occurring be- 
tween REM-period dreams might be 
considered the conscious 


exploring of one path and another, a swing- 
Ing of the excitation now this way and now 
ey until at last it accumulates in the direc- 

on that is most opportune and one par- 


ticular grouping becomes 
the per 
(Freud, 1956, p. 576]. a 


3. The rather dramatic shifts from 
plausible content to implausible con- 
tent, from the everydayish to the bi- 
zarre, which attend REM onset suggest 
the engagement at this point of the 
sleep cycle of processes much like those 
which Freud calls the dream work. For 
BoR pi 23% of 26 content-producing 
à ports elicited by Foulkes (1962) from 
ning EEG Stage 2 (Dement & 
3 eitman, 1957a), that portion of the 
cep cycle immediately preceding REM 
ein Were undisguised memories or 
5 a Hons of recent events in the 
amer’s life, while not a single one of 
reports taken from awakenings made 


within 4-60 seconds of REM onset 
were of a comparable nature. 

Moreover, Verdone (1963) has shown 
that longer REM periods produce re- 
ports judged by subjects as more vivid 
and emotional, and Foulkes’ (1960) 
data reveal that reports from longer 
REM periods (9-24 minutes of REMs) 
produced greater mean values in sub- 
ject ratings for activity, emotionality, 
anxiety, unpleasantness, frighteningness, 
dramatic quality, violence-hostility, and 
distortion than did reports elicited from 
within 4-60 seconds of REM onset. 
Whatever the processes are which be- 
come active at REM onset, they be- 
come increasingly predominant as the 
REM period progresses. And the highly 
organized (if often bizarre) drama they 
generally create supports Freud’s attri- 
bution of dream distortion to active 
processes, to motivated condensation, 
displacement, and symbolization, rather 
than a conception that dream distortion 
is a symptom of general mental disor- 
ganization due to a sleepy, hence im- 
perfectly functioning, cerebral cortex. 

4. Strictly speaking, the fact that 
day-residue content is often experi- 
enced during pre-REM period EEG 
Stage 2 and that dreamlike experiences 
occur in that stage of the sleep cycle 
which immediately follows, namely, EEG 
Stage 1 REM periods, does not estab- 
lish that the first kind of material is 
dynamically transformed to produce the 
second kind of material. Is there any 
evidence that the day-residue content 
of Stage 2 forms the dynamic basis 
of the dream, that such material is 
“worked over” as the REM period 
commences? The following example 
seems to suggest that this may be the 
case: 


I was in the library and I was filing cards, 
and I came to some letter between “a” and 
“c” I was filing some, I think it was Burma, 
some country, and just as I put that in, there 
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was this scene of some woman, who was sent 
to look for a little girl who was lost, and she 
was sent to Burma. They thought the little 
girl was going there, for some reason. This 
was sort of like a dramatization of what I 
was doing. I mean I was filing, and then this 
scene took place, right at the same time. In 
the setting it was sort of like you’d imagine 
it, but I had the feeling it was really hap- 
pening. 


In this dream, obtained 26 seconds 
after REM onset, a scene from the sub- 
ject’s daily work experience—she had a 
filing job in the university library—led 
to an elaboration which was far re- 
moved from her everyday experience. 
The daily-work element (filing), typi- 
cal in Stage 2 content, preceded the 
unusual and somewhat unrealistic ele- 
ment (Burma), typical in REM-period 
content. The physiological recording 
shows a recent progression from Stage 
2 to a REM period. This one case is 
not, of course, in itself conclusive, but 
it does suggest that REM-period dreams 
may begin with the working over of 
day residues of a sort most often ex- 
perienced during NREM Stage 2. 

Rechtschaffen, Vogel, and Shaikun 
(1963) have recently demonstrated, 
moreover, that discrete manifest ele- 
ments and themes found in NREM re- 
ports are sometimes repeated in subse- 
quent REM reports from the same 
night. Such findings led them to con- 
clude that: 

On those nights when themes and images per- 
sist through both NREM and REM periods, 
the dreams do not arise sui generis as psy- 
chologically isolated mental productions, but 
emerge as the most vivid and memorable part 
of a larger fabric of interwoven mental ac- 


tivity during sleep [p. 546]. 


5. Adler’s assertion of a basic simi- 
larity of waking and sleeping thought 
finds support, at least when we consider 
NREM-period sleeping thought. Recht- 
schaffen, Verdone, and Wheaton (1963) 
have likened the content of NREM 
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mentation to background mentation in 
waking experience. It is, in Stekel’s 
(1951) image, a muted accompaniment 
rather than a melody. In NREM sleep, 
the melody, or directive character of 
thought, seems less prominent and we 
become aware of this background 
thought. Such an awareness is difficult 
to achieve in waking life; it is as if we 
might have direct and immediate ac- 
cess to all those irrelevant things which 
passed along the borders of conscious- 
ness while we were more or less atten- 
tively engaged in some line of directed 
thought. Conditions of sensory depriva- 
tion or sensory monotony (Fiske, 1961) 
perhaps give us the best possible van- 
tage point in waking life for viewing 
such phenomena. While the identifica- 
tion of NREM mentation with fringe- 
type waking mentation may not be an 
apt characterization of all NREM men- 
tation, it does underline the degree of 
continuity of NREM mentation and at 
least some forms of waking experience. 

In the context of Freudian theory, 
what we do not find in pre-REM sleep 
mentation is worthy of note. We do 
not find a seething, libidinous turmoil, 
sharply at variance with waking 
thought. Rather we see a generally 
“relaxed” kind of thinking and imaging 
whose prominence becomes possible in 
the absence of a strong external focus 
or challenge for thought processes and 
whose nature is essentially similar to 
certain classes of incidental waking 
mentation. 

6. But, if we find little evidence of 
libido or hostility in the pre-REM 
thought from which dreams may be 
presumed to develop, neither do we find 
much evidence for the Adlerian asser- 
tion that representations of pressing 
personal problems of a more general 
character are active at, and responsible 
for, dream formation. Awakenings made 
at various points leading into REM-pe- 
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riod onset and during the early seconds 
and minutes of REM periods do not 
corroborate, at least in any obvious 
manner, the position that dreams begin 
with affective or ideational “sore spots.” 
Transformations are noted in the qual- 
ity of mental experience: from concep- 
tualizing or vaguely perceiving to vivid 
visual imaging, from kaleidoscopic flux 
to continuity and integration, and from 
plausible content to distorted and bi- 
zarre content. However, these changes 
do not seem to be associated with any 
Perception of particularly pressing per- 
sonal problems which cry for some reso- 
lution or exploration. Rather than being 
sources of personal anxiety or insecur- 
ity, NREM contents of consciousness 
generally seem quite unconnected with 
basic Psychodynamic concerns of the 
dreamer. 

Because this last point is a particu- 
larly crucial one for both theories, we 
Will do well to consider it in further de- 
tail. Will the dream theorist be im- 
Pressed with evidence that the class of 
€vents-in-consciousness at or around 
REM-period-dream onset fails to meet 

1s specifications of dream-instigating 
events? Most likely not. He might com- 
ment that the analysis has, up to this 
Point, relied too heavily upon appear- 
ances, upon manifest consciousness. It 
ie be suggested that the everyday- 
Sa, relaxed kinds of mentation which 
Precede REM-period dreaming serve as 
sete for affective elements, based in 
heen experience, which present a 
ek sA pose a challenge, to the 
Rete ne uch a contention raises a 
Ph odological question, however: 
enta pa physiological nor experi- 
Hypothes E seems to support the 
an or wd $ at dream periods develop 
with what — with such elements, 
teat it zind of evidence does the 
an eorist Propose to confirm his 

Y of the affective instigation of 


dreams? At present, the assumption that 
pre-REM-period contents are screens 
for something else seems entirely gra- 
tuitous. What we seem to have in 
NREM-period mentation is one level 
of cognitive functioning, a level which 
should at least tentatively be accepted 
for what it is, rather than be immedi- 
ately interpreted as a disguised form of 
something else. 

At this point we should, perhaps, 
consider the observational base upon 
which both Freudian and Adlerian the- 
ory rest, clinical dream collection. Ian 
Oswald’s (1962) comments upon the 
adequacy of clinical dream collection 
as a basis for characterization of the 
dream process cut right to the heart of 
the matter. He notes that the patient 
probably describes only a very small 
fraction of his total dreams to his 
therapist, and that his “recall” of these 
dreams is more a construction than a 
reconstruction. This constructed, wak- 
ing fantasy-material may tell the cli- 
nician a great deal about the patient, 
but “is not to be relied upon as evidence 
of what really happens during dream 
periods [p. 143].” 

Yet both Freud and Adler, in the ab- 
sence of systematic observations made 
at various phases of the (REM) dream 
process, have given us theories of that 
process. Quite clearly, what they have 
done is to read back into the dreaming 
process those events which it seems 
must have transpired in its early stages, 
given a certain dream outcome and/or 
a certain functional interpretation of 
that outcome. Now no one who has had 
experience in collecting, examining, Or 
interpreting dreams can doubt that 
dreams often do express a person’s basic 
feelings and indicate his problems. And 
yet, the pre-REM and early-REM re- 
call data now available suggest that we 
err in assuming that since this may be 
the functional significance of the dream, 
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the dream therefore must have started 
with the expression of such feelings or 
the posing of such problems. Rather it 
seems as if the dream allows the 
dreamer, eventually rather than im- 
mediately, to express himself in a rather 
profound way; it is not that the dream, 
by posing a basic challenge at its very 
onset, forces him to do this. 
It is being suggested, then, that both 
Freudian and Adlerian theory are in- 
correct in their characterization of the 
dream process, that is, dream formation 
and dream development. But what, we 
may now ask, are the implications of 
this position for those portions of their 
dream theories which deal with dream 
meaning or the functional significance 
of dreaming? We have already noted 
that Freud’s and Adler’s theories of the 
dream process are generalizations from, 
rather than the inductive basis of, their 
theories of dream interpretation. This 
suggests that dream process data can 
confirm or disconfirm a particular the- 
ory of dream meaning only to the ex- 
tent that that theory is compatible with 
one, and only one, characterization of 
the dream process. Dream theorists have 
tended to assume such a necessary cor- 
respondence between interpretation the- 
ory and process theory; that is, they 
have generalized in a relatively direct 
fashion from what the dream is to how 
it must have started. But this over- 
looks the possibility that how a dream 
begins and what a dream becomes may 
be two entirely different matters. Both 
Freudian and Adlerian theories of dream 
meaning and function, therefore, may 
be compatible with the description of 
the dream process provided by recent 
electrophysiological research. To reject 
Freud’s dream-process — theory is not 
essarily to reject his position that 
Pe rve the function of the fulfill- 
cere “4 repressed wishes. To reject 
Adere dream-process theory is not 


necessarily to reject his position that 
dreams are attempts at problem solving 
which are consistent with the dreamer’s 
life style. 

Although the present data on the 
dream process are ambiguous with re- 
spect to theories of dream meaning, 
it is likely that further studies of the 
content of REM- and NREM-period 
dreams will provide some basis for 
choice among these theories. Dement’s 
research on dream deprivation (1960) 
has already indicated the usefulness of 
electrophysiological studies in evaluat- 
ing theories of the functional signifi- 
cance of the dream. 

In conclusion, it is hoped that this 
discussion has indicated some of the 
possibilities which the Aserinsky, Kleit- 
man, and Dement dream-collection tech- 
nique offers with respect to resolving or 
clarifying some of the major issues in 
classical, mainly psychoanalytic, dream 
theory. But the major contribution of 


this technique may well be the gen-- 


eration of altogether new theories of 
dreaming, theories solidly based upon 
experimentally derived dream-process 
data, and theories which articulate with 
modern neurophysiological evidence 
(e.g., Jouvet, 1962) upon the nature 


of the sleep phase in which dreaming 
occurs, 
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PREDICTING GROUP TASK EFFECTIVENESS 
FROM MEMBER CHARACTERISTICS 
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Studies relating premeasures of member characteristics to small-group 
task performance are reviewed. The individual traits used to predict per- 
formance are grouped into 6 categories: ability, adjustment, extraver- 
sion, dominance, authoritarianism, and “other characteristics.” 2 mem- 
ber characteristics have been used as predictors in a sufficient number 
of studies to permit a tentative conclusion, namely, that member ability 
(both specific and general) and member adjustment are significantly 
related to group effectiveness. It is less clear however, whether extra- 
version, dominance, and authoritarianism would be useful for predict- 
ing group task performance. Both the requirements of the situation and 
social structural constraints must be taken into account when predicting 
group effectiveness from member traits. Specifically the type of group 
task and the organization of the group are seen to have a decided in- 


fluence on the relationship. 


The major determinants of group effec- 
tiveness have traditionally been sought 
from among situational demands and 
factors stemming from the prevailing 
social system both within and outside 
the particular group under study. Al- 
though the personal characteristics of 
individual members have received much 
less attention, it is becoming increas- 
ingly apparent that the external and so- 
cial variables interact with personality 
characteristics of the participants, and 
that the group product is at least partly 
determined by factors the members 
bring to the task. This review is aimed 
at examining to what extent group ef- 
fectiveness is determined by personality 
characteristics of the members. 

This question has significant practical 
utility since many organizations meas- 
ure various personality characteristics 
of their new members and are inter- 
ested in the performance of their com- 
mittees and work teams. If they can use 
some of the information they have 


1] would like to thank O. J. Harvey, Rich- 
rd deCharms, and Keith Davis for their criti- 
al reading of the manuscript. 
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available on the personality of their 
members to construct more effective 
groups, a large stride toward rational 
and efficient use of people will have 
been made. 7 

Small group member characteristics 
are usually measured either by rating 
or categorizing individual behavior 
ongoing groups, or by completing ques 
tionnaires on group-tied characteristics 
such as satisfaction with the meeting. 
All of these measures require that the 
members either are interacting or have 
already interacted. The question t0- 
ward which this paper is directed }§ 
whether a measure of individual mem- 
bers taken before the group is forme 
can be used to predict its task effective 
ness. 

The studies reviewed are grouped 
under the following rubrics that tyP! 
cally appear (as factors) in factor ana- 
lytic studies of interpersonal behavior: 
ability, adjustment, extraversion, domi- 
nance, authoritarianism, and other chat- 
acteristics. 

Other characteristics was included t° 
group a number of studies that meet 
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the criteria for inclusion in the review 
but the personality variables of which 
do not belong under one of the other 
five categories. It includes such things 
as general personality profile, self-per- 
ception, tendency to differentiate peo- 
ple sharply, and the desire to be close 
and intimate with others. 

The dependent variable in this re- 
view is group performance. In the kinds 
of studies reviewed in this paper, situa- 
tional demands are so strong that mem- 
ber definition of group goals is not as 
necessary as in less-structured small 
groups. Therefore, definition of the task 
and evaluation of the final product by 
an agency outside the group has been 
taken as a valid measure of the per- 
formance of the group. 

To those interested in the application 
of research, the performance of a small 
group is more central to their interests 
than its internal workings. But the rela- 
tion between predictor and performance 
is often understandable only in terms 
of some mediating variable. Therefore, 
two analyses of the problem will be 
made. The simple relation between 
group performance and each person- 
ality variable will be reviewed in de- 
tail, and then the influence of situa- 
tional and social variables will be noted. 
Let us turn now to the analysis of the 
personality predictor variables. 


Ability (General) 


Leaders of effective army squads have 
a significantly higher mean intelligence 
score than leaders of ineffective squads 
(Greer, Galanter, & Nordlie, 1954), ef- 
fectiveness here defined as squad per- 
formance as rated by judges using de- 
tailed performance rating forms. (The 
studies of army-squad effectiveness usu- 
ally use a small scale, standardized field 
maneuver of 6-8 hours with umpires 
rating the performance of the groups.) 
The relation between leader intelligence 
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and performance is supported by Hav- 
ron and McGrath (1961), who found 
that the correlation between unit effec- 
tiveness and leader intelligence ranged 
between .35 and .50 in their series of 
studies. Leader intelligence, with job 
knowledge, shared the position of the 
best leader trait for predicting group 
effectiveness. 

The relationship of intelligence to 
group performance is susceptible to in- 
fluence from other variables. For exam- 
ple, it appears that the organization of 
the members can modify it. Permissive 
group organization can facilitate prob- 
lem-solving performance of groups com- 
posed of high-intelligence members but 
inhibit the performance of groups com- 
posed of low-intelligence members, while 
directive group leadership seems to re- 
sult in the opposite relation (Calvin, 
Hoffman, & Harden, 1957). Although 
only one of the six relationships was 
significant, beyond the .05 level, the re- 
sults were all in the same direction. 

An early study by Gurnee (1937) 
compared 42 individuals with 12 groups 
on a more limited and specific task, 
learning the correct pathway of a maze. 
The groups proceeded by plurality vote, 
voting by acclamation, with a show of 
hands in case of a tie. Results of inter- 
est here were that the number of errors 
in learning the maze were negatively re- 
lated to college grades (r = — .54) and 
the chemistry aptitude scores (7 = — 
.68) of the group members. 

A series of three studies result in a 
statement (in the third study) on the 
relation between group performance and 
the variability of intelligence among 
the members. First Pelz (1956) re- 
ported a study of factors influencing 
the performance of scientists in a re- 
search organization. He found that fre- 
quent contact with other scientists was 
positively related to an individual’s per- 
formance level only if the contacts were 
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with scientists unlike him in kinds of 
motivation and experience. An analo- 
gous phenomenon was discovered under 
more controlled conditions by Hoffman 
(1959) and by Hoffman and Maier 
(1961). Only the first study will be dis- 
cussed. Hoffman administered the Guil- 
ford-Zimmerman Temperament Survey 
to subjects and later formed them into 
four-member groups on the basis of 
their scores. Some groups were com- 
posed of members whose personality 
profiles were very similar, others of 
members whose personality profiles 
were quite different. The heterogeneous 
groups produced significantly superior 
solutions to the multisolution, mined- 
road problem (p < .05) and showed a 
tendency to produce more inventive 
solutions to a human-relations problem 
(x? = 2.88, not significant). Hoffman 
(1959) stated “Pelz’s findings suggest 
that the results reported in the present 
study are probably generalizable well 
beyond the limited population of col- 
lege students who supplied the data 
[ps 31]. However, according to Shaw 
(1960), the superiority of heterogene- 
ous groups is not generalizable to all 
situations and specifically not to mem- 
ber intelligence in communication-net 
situations. In two studies, he found 
group effectiveness was unrelated to 
group heterogeneity in intelligence. 
Shaw’s use of the communication-net 
design reduces the generality of his 
criticism since communication among 
the members in this situation is so 
artificially restrained. Furthermore, his 
group tasks did not unduly tax the in- 
telligence of his sample (university stu- 
dents). Once a subject had received the 
necessary information from the other 
members, he had to perform a series of 
computations requiring about a fifth- 
grade knowledge of arithmetic. f 
The relationship between members 
general ability and group performance 


is not univocal. For example, Spector 
and Suttell (1957) found no significant 
relation between average intelligence 
of three-man groups and performance. 
However, since (a) the performance 
measure was taken only on the last of 
four tasks, and since (b) the manipula- 
tion of leadership style, a second ex- 
perimental variable, did not produce 
differences in performance either, it is 
not clear whether the measures were too 
gross to expose differences or whether 
there were no differences to measure. 

In general, group task performance 
was related positively to general ability 
in three studies and was unrelated in 
one study; in groups with more formal 
structure the leader’s intelligence in- 
creased in importance as a factor in- 
fluencing performance. In no study was 
a negative relationship found between 
the two variables. 


Ability (Specific) 


McKeachie (1954), in his review of 
the literature on the success of student- 
centered methods of instruction, COn- 
cluded that the success of this method 
of teaching may well depend on whether 
or not the students possess the specific 
skills necessary to move the group w 
ward its goal. Group performance is 
limited by the members’ ability both on 
the task and in organizing themselves 
effectively. 

An experiment to measure the rela- 
tion between specific ability and group 
performance was conducted using the 
Purdue Pegboard Test (Comrey, 1953). 
Each subject was first tested on his in- 
dividual pegboard and later participated 
as a member of a group performing 4 
similar task. The “group” was a dya 
working on a common pegboard; that 
is, Member A placed a peg, B placed 
a washer on the peg, A covered the 
washer with a collar, and B placed @ 
final washer on the assembly while 
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simultaneously inserting a new peg di- 
agonally across from the old assembly. 
Thus they zig-zagged down the board 
alternating their activities as they went. 
The performance of the group was re- 
lated to the individual performance of 
the less-able member, .59, and the more 
able member, .56. Using the perform- 
ance of both members as predictor 
yielded a multiple correlation of .66. If 
Comrey had measured for test-retest in- 
stead of split-half reliability, he could 
have had an index of the effect of such 
things as change of set and practice 
during the time interval between the in- 
dividual and group measures. The dif- 
ference between this reliability coeffi- 
cient and the correlation between indi- 
vidual and group conditions would then 
indicate the influence of group-related 
factors. Since this was not done, the 
above correlations reflect the influence 
of both time- and group-related factors. 

Another investigator whose individual 
and group measures were similar to 
those of Comrey was Rohde (1958). 
Subjects were pretested on a maze task 
before being assigned a similar prob- 
lem in three-man groups consisting of 
one appointed leader and two followers. 
Toup performance scores were signifi- 
cantly related to the individual scores 
of the most qualified members (7 = 
rare all individuals (r = .63), and fol- 
ca (r = .60), but not with the in- 
ae scores of the least qualified 
BE tin (r = 39). Regarding the last 
beet th when a subject knows the cor- 
fie urn he will show more self-confi- 
enis and be more forceful in his argu- 
ha than when he is unsure of it; 
a the more able subjects will have 
fee Bat on the group product 
7 e less qualified. This is in con- 
ast with Comrey’s (1953) findings 
ma dyads that the less proficient mem- 
pate score was an equally good pre- 
ictor of group performance as the bet- 


ter member’s. In Comrey’s study there 
was no self or group weighting of the 
amount contributed by the less-able 
worker. 

It has been found in army-squad re- 
search (Havron, 1952) that the squad 
leader’s military knowledge relates posi- 
tively to ratings of squad performance. 
The combined ratings of leader and 
squad performance were also positively 
related to leader physical ability. The 
importance of physical ability in army- 
squad performance was supported by 
Greer (1955) whose measures were of 
squad members rather than the squad 
leader. 

On a task having a strong mental 
rather than physical emphasis (a de- 
ceptive horse-trading problem), Thomas 
and Fink (1961) found the diversity of 
the members’ initial information to be 
a factor positively influencing quality 
of group performance. Unfortunately, 
the relation could not be tested for sig- 
nificance. 

Measures of both general and spe- 
cific ability of individuals have been 
used to predict small-group task per- 
formance. None of the 11 studies re- 
viewed showed a negative relation be- 
tween member ability and group per- 
formance. 


Adjustment 


Five of the studies in this sample 
deal with variables relating to adjust- 
ment (Cattell, Saunders, & Stice, 1953; 
Greer, 1955; Havron, 1952; Havron & 
McGrath, 1961; Haythorn, 1953). 

Cattell et al. obtained 15 factors from 
a 93-variable matrix that included per- 
sonality measures, observer ratings of 
member behavior in a group, and group- 
performance scores. Three of these fac- 
tors were strongly loaded with adjust- 
ment measures. Unfortunately, these 
factors had few substantial loading-per- 
formance variables, although there is a 
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weak indication that homogeneity in 
adjustment is conducive to high group 
productivity. Nothing can be said about 
the effect of level of adjustment from 
these factors. 

However, Haythorn has used Cat- 
tell’s Sixteen Personality Factor Ques- 
tionnaire as a predictor of, among other 
things, group productivity. He found 
Cattell’s “Emotional Stability vs. Gen- 
eral Neuroticism” personality factor to 
be positively related to group effective- 
ness, 7 = .48. This personality factor 
was also related to rating of job com- 
pletion (7 = .43). In army rifle squads 
the combined ratings given to the leader 
and his squad on performance were sig- 
nificantly related to the leader’s adjust- 
ment to the Army (Havron, 1952). In 
another squad study, performance rat- 
ings were related to the adjustment of 
the squad members to the Army (Greer, 
1955). Paranoid tendencies of squad 
members and nervousness were nega- 
tively related to these performance rat- 
ings. In summing up a series of studies 
on leader and squad effectiveness, Hav- 
ron and McGrath (1961) stated that 
the leader’s general army adjustment 
and low peripheral nervousness and hy- 
pertension correlated on the average .25 
with squad effectiveness. 

Thus, five clear relationships between 
adjustment measures and group task ef- 
fectiveness were discernible, and all five 
of these were positive. 


Extraversion 

Cattell, Saunders, and Stice (1953) 
have three personality factors relevant 
to extraversion in their factor-analytic 
study of the small group. Again, how- 
ever, the factors had few performance 
measures with strong loadings, but these 
few indicate a positive association be- 
tween extraversion and high group per- 


formance. 


The study by Gurnee (1937) cited 
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earlier, in which groups and individuals 
were compared in ability to learn a 
maze, is relevant. Using the Bernreuter 
Bz scale, he found a positive tendency 
for groups composed of members who 
“rarely ask for sympathy or encourage- 
ment and tend to ignore the advice of 
others” to make more errors (7 = .26)- 
Similarly, using the Bernreuter F» scale 
he found a tendency for groups com- 
posed of “nonsocial, solitary and inde- 
pendent” persons to make more errors 
(r = .34). Thus there is some evidence 
that groups composed of extraverted 
rather than introverted members per- 
form more effectively. 


Dominance 


Ghiselli and Lodahl (1958) found 
that on a cooperative task, groups that 
contained one subject who tended to be 
active, reckless, and full of ideas, that 
is, a dominant person, and two or three 
average or low dominant subjects were 
most effective. The more groups ap- 
proached this “skewed” kind of distri- 
bution the better was their perform- 
ance (7 = .82). Although the degree of 
skewness in dominance distribution aP- 
pears to be related to high group per- 
formance, another study has shown the 
simple variability of the group with re- 
spect to individual prominence to be 
unrelated to group effectiveness (Shaw, 
1960). The same cautions mentione 
earlier regarding extrapolation from 
communication-net research are rele- 
vant here. (It has, for example, bee? 
found by Berkowitz, 1956, that the 
communication-net design is so con- 
straining that subjects very high and 
very low in ascendance are indistin- 
guishable when placed in the central 
position of a wheel-net design.) In sum- 
mary, two studies dealt with the rela- 
tion between member dominance a” 
group performance. The results suggest 
that the way that a group “bunches” 
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in member dominance may be more im- 
portant than either the average or the 
variability of the group’s dominance 
scores. 


Authoritarianism 


High scorers on this variable tend to 
seek rules and some form of hierarchi- 
cal organization in their interpersonal 
relations. Four studies deal with the 
relationship between authoritarianism 
and performance. McCurdy and Eber 
(1953) constructed groups that were 
homogeneous in attitude, either all au- 
thoritarian or all “democratic.” (Au- 
thoritarianism was measured by the 
California F Scale.) They organized 
some of the groups cooperatively with- 
out a leader and some with one of the 
subjects as absolute leader. Of the 
groups organized cooperatively, those 
containing subjects with democratic at- 
titudes made fewer errors in learning 
Patterns of switches to turn on a light 
than those with authoritarian members 
(P< 295). Apparently a strong group 
organization acts to suppress differ- 
ences due to personality, since in the 
groups with leaders, the members’ atti- 
tudes did not relate to group effective- 
ness. Work on other strongly organized 
groups supports this conclusion. For ex- 
ample, authoritarian attitudes of either 
the leader or members of groups at- 
tempting to write a script for a human- 
relations film were found to bear little 
relation to ratings of group competence, 
seca and communication effec- 
Tan a (Haythorn, Couch, Haefner, 
eee & Carter, 1956). Similarly, 
ee ae and McGrath (1961) reported 
de ata of authoritarianism con- 
eats en not relate to army-squad 
ee Cattell’s Personality Factor 

, ohemianism vs. Practical Con- 
cernedness,” was found by Haythorn 
(1953) to relate to rating of group pro- 


ductivity (r = — .61) and to rated job 
completion (r= — .43); that is, con- 
servatism of group members was posi- 
sively related to productivity. In sum- 
mary, four studies indicate that au- 
thoritaranism, as a unitary concept, is 
unrelated to small group productivity, 
especially under conditions of high or- 
ganization where little latitude exists 
for personality variation to have a great 
influence on performance procedures. 


Other Characteristics 


A number of studies deal with the re- 
lation between group performance and 
an aspect of personality that is not 
categorizable in the previous five groups. 

For example, Grace (1954) related 
the performance of 14 high-school bas- 
ketball teams with the homogeneity of 
the members’ self-description. The meas- 
ure was acquired by having each mem- 
ber choose the statement most descrip- 
tive of himself and the statement least 
descriptive of himself from sets of four 
statements. The degree of conformance 
(the extent to which members described 
themselves the way their teammates de- 
scribed themselves) was positively re- 
lated to number of games won (rank- 
order correlation = .61). 

A series of studies by Fiedler (1960) 
related group effectiveness to a person- 
ality characteristic best described as 
propensity to discriminate one’s work 
acquaintances. Two of these six studies 
will be described here. Fiedler had bas- 
ketball-team members (the same sub- 
jects used by Grace) fill out a self-de- 
scription questionnaire three ways: as 
the items described them, as they 
thought their most preferred co-worker 
would respond, and as they thought 
their least preferred co-worker would 
respond. For the group as a whole, 
members of good teams had signifi- 
cantly greater discrepancy between their 
ratings of best and worst co-workers 
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than did members of poor teams. Of 
the players most chosen <3 “best co- 
worker,” those on effective teams showed 
significantly less similarity in their rat- 
ings of themselves and their positive 
choices, and of their positive and nega- 
tive choices, than did those on less ef- 
fective teams. 

In another study, this time using air- 
craft crews, the results were in general 
substantiated, although only for those 
groups that manifested certain rather 
specific sociometric characteristics. Al- 
though Fiedler was mainly concerned 
with the influence of the interpersonal 
warmth or distance of the leader in a 
group as a determinant of task efiec- 
tiveness, as he studied more formally 
organized groups he was forced to con- 
trol for an increasing number of social 
determinants, both in the organization 
in which the group was imbeddea and 
within the group itself. 

Another personality trait that does 
not fit easily into the initial categoriza- 
tion is Schutz’s (195%) personal-coun- 
terpersonal dimension of his FIRO 
(Fundamental Interpersonal Relations 
Orientation) test. An individual is per- 
sonal to the extent that he will ascribe 
to such statements as “I like groups 
where people get personal” and “I like 
to talk about myself in a group.” Using 
scores on the test, Schutz constructed 
three types of groups: all were counter- 
personal members, all were personal 
members, or a combination of both 
counterpersonal and personal members. 
The counterpersonal groups perfor med 
as well as the personal groups on a 
wide variety of tasks ranging from 
pbuilding a structure to making a group 
decision about moving chess pieces. 
However, both the personal and coun- 
terpersonal groups performed better 
than the heterogeneous groups. 

Thus, there 1s a suggestion that three 

kinds of personality characteristics are 


related to group performance: The ho- 
mogeneity of members’ self-description, 
the tendency of the keyman in a group 
to discriminate sharply his able and less 
able co-workers or subordinates, and 
homogeneity among the members in 
their preferred degree of interpersonal 
closeness. 

The relations of six different person- 
ality categories to group performance 
have been reviewed. The direction of 
the relationships has usually been clearly 
indicated, but these relationships are 
weak for predictive purposes. This 
weakness in predicting group effective- 
ness from member characteristics has 
also been found by McGrath (1962) 
in his more general review of small- 
group variables. 

To what are we to attribute this gen- 
eral weakness? Social and situational 
variables interact with personality char- 
acteristics and increase “random error” 
over studies. The influence of one s0- 
cial variable, group organization, has 
been seen in a number of studies; noW 
an analysis of the task will be used to 
illustrate the influence of situational 
demands. 

In the Ghiselli and Lodahl experiment 
(1958) mentioned earlier, the Decision- 
Making Approach (DMA) scale was 
administered to student subjects. (This 
scale had earlier differentiated top €x- 
ecutives from middle managers.) The 
subjects were formed into groups 0 
two, three, or four men to operate tw 
model railroad trains around one track 
(with sidings) in opposite directions as 
many times as possible. As noted in the 
section on Dominance, positive skew- 
ness of the group scores on the DMA 
scale was significantly related to grouP 
performance (r = .82). 

The general design of Ghiselli and 
Lodahl’s experiment was replicated by 
Porter and Kaufman (1959) and by 
the author. The two later experiments, 
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however, used a different task—a fiber- 
board construction task. In these stud- 
ies, groups which were positively skewed 
on the DMA scale were not superior on 
task performance. 

Ghiselli and Lodahl (1958) discov- 
ered that groups skewed in DMA 
scores made few organizational or 
method changes (r= — 47; r=— 
.60); and that groups that made few 
organizational or method changes per- 
formed well on the train task (r = — 
64; r=—.55). It can be inferred 
that skewness in DMA, by establish- 
ing a clear leader who early decided on 
a course and unwaveringly held to it, 
resulted in high performance on the 
task. Ghiselli and Lodahl noted that 
performance depended less on which of 
two common solutions was chosen than 
that one method was chosen and ad- 
hered to tenaciously throughout the 
task. 

However, on a task presenting more 
alternative methods of solution and re- 
quiring flexibility, such as building a 
structure with boards, a tendency to re- 
main with an initial approach would not 
give the best performance. Thus, a given 
Pattern of scores on an individual char- 
acteristic measure was conducive to high 
group performance on one type of task 
but unrelated to performance on an- 
other type. 

The results of these studies and those 
reviewed earlier in the paper support 
the continually growing feeling among 
ee ea researchers that some kind 
Nis approach must be used 
aes a = predict either group behav- 
mek hi avior in groups. Such a model 
Bonk be able to account for (a) varia- 
eon individuals along relevant 
zA e a dimensions at different lev- 
echt, (b -awareness and ego involve- 
a i. ) variations in the group’s so- 
ite aracteristics such as freedom of 

Personal communication, size, and 
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average attraction toward the group; 
and (c) variations in situational demands 
on group members, especially task. Task 
requirements may be predominantly 
mental, for example, member-usable in- 
formation, reasoning ability, or immedi- 
ate memory span; predominantly physi- 
cal, for example, member strength, fine 
muscle control, or speed; or predomi- 
nantly motivational, for example, mem- 
ber resistance to fatigue under condi- 
tions of monotony or stress. Moreover, 
tasks may also vary in the amount of 
interpersonal cooperation they require 
of the members. 

In conclusion, this review has made 
clear the fact that within the con- 
straints imposed by situational and so- 
cial variables, personality characteris- 
tics do influence group processes, even 
those as far removed from the indi- 
vidual member as group task perform- 
ance. 

Specifically, two personality charac- 
teristics, ability and adjustment, ap- 
pear to be fairly consistently related to 
performance measures. We may con- 
clude that if research on small group 
performance is to be undertaken, the 
investigator would be wise to measure 
both the subjects’ general ability and 
their personality adjustment whether 
he is interested in their place in a multi- 
variate model or whether he merely 
wants to be able to control variance due 
to their influence on some experimental 
variable. 
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DEVELOPMENT OF A DIFFERENTIATED HANDEDNESS* 
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This paper is concerned with the intraindividual differentiation in mo- 
toric skill implicit in the development of a “dominant” hand. Its aims 
are threefold. It attempts to establish a developmentally oriented con- 
ceptual framework within which to incorporate diverse observations on 
handedness, to subordinate findings from several sources to this general 
framework, and to point out some important gaps in the research litera- 
ture and proffer some suggestions for future research. Expressions of 
handedness and hand differentiation are considered as complex phe- 
nomena, rooted in more general aspects of motor and psychological de- 
velopment, and very probably multiply and complexly determined in 
their origins. The introduction of a developmental perspective provides 
a consistent framework for ordering and simplifying certain kinds of 


data. 


Research in the area of hand later- 
ality too often has failed to contribute 
as fully and consistently as it might to 
the systematic, cumulative growth of 
knowledge. This failure can be attrib- 
uted in large degree to limited theo- 
retical perspectives involving (a) an 
excessive reliance upon empirical and 
Pragmatic distinctions, and (b) a com- 
Partmentalized view of handedness 
which fails to recognize that handed- 
ness is rooted in more general aspects 
of motor and psychological develop- 
Ment. Because the morphogenesis of 
handedness is complex and but little 
understood, it would seem desirable at 
the present time to attempt to view 


handedness in as broad a perspective as 
Possible. 


ine work was supported in part by 
a States Public Health Service Grant 
aerate ne writer prepared this paper while 
Fel = ec States Public Health Postdoctoral 
e in Clinical Psychology. He wishes to 
Ra E indebtedness to Roger Bibace, 
Mische arke, Andrew S. Dibner, Walter 
Pe eslie Phillips, William Vogel, and, 
vikia ly, Donald M. Broverman, for many 
ee © comments and criticisms during the 
Paration of the paper. 


DEGREES OF DIFFERENTIATION 
IN HANDEDNESS 


Handedness as Differentiation 


Observation from several sources 
would suggest that handedness develops 
from originally undifferentiated move- 
ment patterns. Werner (1948) writes 
that diffuse activity characterizes the 
earliest stages of human development 
and distinguishes two types of primi- 
tive diffuse movement. One is a global, 
wholly integrated mass activity. The 
other is marked by a lack of hierarchic 
integration or coordination among the 
different parts of the total movement. 
Development proceeds, accordingly, in 
the direction of greater differentiation 
and greater hierarchic integration. In the 
process of differentiation, the cephalo- 
caudad and proximo-distad trends of 
ontogenetic development are considered 
to be of importance (Carmichael, 1946; 
Gesell, 1945, 1947; Jackson, 1928; 
Thompson, 1946). According to the for- 
mer principle, development of head and 
trunk regions precedes that of the lower 
limbs. According to the latter, there oc- 
curs, in the process of differentiation, a 
progressive advance of motor control in 
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the fetus and infant, from the larger 
fundamental muscles to the smaller 
muscles which execute more refined 
movements. The trunk is innervated 
before the shoulders, shoulders before 
arms, arms before hands (Gesell, 1945). 

Travis (1931) views expressions of 
one-sidedness in development as mani- 
festations of a maturational process and 
as a “differentiation from a whole.” 
Strong, consistent hand preferences do 
not characterize younger children: 
Washburn (1929) and others have com- 
mented on the relatively symmetrical 
movements of the extremities in in- 
fants. Asymmetric hand movements de- 
veloping out of the tonic neck reflex (an 
asymmetric posturing behavior found in 
the young infant) are described by 
Gesell and Ames (1947), but these were 
observed to be unstable and to be 
readily submerged by symmetrical bi- 
lateral patterns. Giesecke (1936), Orton 
(1937), Lederer (1939), and Hildreth 
(1949a, 1949b, 1949c, 1950a, 1950b), 
too, have commented upon the fluctuat- 
ing, unstable quality of developmen- 
tally early manifestations of lateral 
dominance. Gesell and Ames underscore 
the need for integration or interrelation 
of movement as a concomitant to pro- 
gressively increasing asymmetrical dif- 
ferentiation. 


Handedness and Neuroanatomy 


This view of handedness or one-sided- 
ness as the product of a developmental 
rocess involving gradual differentiation 
of functions from an initially undiffer- 
entiated whole receives some further 
support from researchers concerned with 
roblems of cerebral dominance and 
I uage lateralization. In a recent re- 
ee af the anatomical literature bear- 
a human cerebral hemisphere dif- 
= me Bonin (1962) observes that 
prs morphological differences be- 
Liege hemispheres are minute, are 
twe 
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divided about equally between support 
for dominance of the left and of the 
right hemispheres, and could not, in his 
opinion, account for the very great 
functional differences between the hemi- 
spheres. 

Penfield and Roberts (1959) find in 
the genetic literature little convincing 
evidence for the Mendelian inheritance 
of handedness, and suggest that man is 
right-handed out of “pure chance— 
then: custom and laziness.” Zangwill 
(1960) believes that the hereditary de- 
termination of cerebral dominance (for 
language) is far from absolute, and sug- 
gests that at birth the two hemispheres 
are virtually equipotential in regard to 
the acquisition of language. Whether 
this equipotentiality is to be viewed as 
extending to the mediation of manual 
functions is left somewhat unclear. 
Zangwill tends to view both handedness 
and brainedness as graded character- 
istics, and would appear to leave the 
door open for a developmental interpre- 
tation of lateralization of function in 
both areas. Goodglass and Quadfasel 
(1954) hypothesize two potentially 
trainable language association systems 
in the infant, and suggest that after an 
initial phase of almost equal bilateral 
participation, a self-reinforcing process 
causes a slight lead in the language 
performance of one hemisphere to 
“snowball into a nearly complete 
unilateral representation.” 

Since speech and hand functions are 
mediated by different areas of the cor- 
tex, a finding of equipotentiality for 
language functions in the infant, while 
suggestive, would not in itself constitute 
absolute proof of equipotentiality for 
motor or for sensory functions. Accord- 
ing to Penfield and Roberts (1959), 
grave injury to speech cortex in one 
hemisphere in infancy or childhood may 
cause transfer of speech dominance to 
the opposite hemisphere, but hand domi- 
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nance will not be caused to change over 
unless there is injury to arm areas also. 


Handedness as an Index of Develop- 
ment 


If the two hemispheres are in fact 
relatively equipotential at birth with 
respect to the mediation of manual 
functions, and one-sidedness is viewed 
as a “differentiation from a whole,” 
then the degree of lateralization of mo- 
tor functions observed in the normal 
individual may be viewed and utilized 
as an index of development. In this 
view, an individual with a strongly lat- 
eralized pattern of hand skill, in the ab- 
sence of known brain pathology, must 
probably be viewed as more differenti- 
ated motorically than a more ambilat- 
eral or ambidextrous individual, and 
as having achieved a “developmentally 
later” level of motor functioning. Let 
us now consider the possible signifi- 
cance of a differentiated versus undif- 
ferentiated dimension of handedness in 
those areas where traditional interest 
in handedness has been greatest. 


STUDIES oF HANDEDNESS 


. Studies in which handedness has been 
vestigated for its presumed associa- 
tion with mental, cognitive, or emo- 
tional defect will be considered under 
the rubric General Handedness. Those 
concerned more directly with problems 
of brain functioning and cerebral domi- 
nance will be dealt with under the 
rubric Handedness and Brainedness. 


General H andedness 


The overall balance of empirical find- 
8S suggests a somewhat greater inci- 
Wien ton left-handedness and/or ambi- 
rah wi ity in certain groups, for example, 
ss recon reading disabilities, 
en efectives, and epileptics. Ref- 
oa S to this sizable literature will 

ound in Hildreth (1949a, p. 210). 


in 


Unfortunately, typical studies often fail 
to separate clearly the influence of left- 
handedness, on the one hand, and ambi- 
laterality (or ambidexterity or mixed 
motor preference) on the other. The 
potential theoretical significance of a 
differentiated versus undifferentiated di- 
mension of classification of handedness 
has not usually been seriously consid- 
ered, and individuals with ambilateral 
or ambidextrous tendencies have all too 
often been classified as left-handed. It 
is therefore difficult to know if the re- 
sults of these studies are due to “left- 
ness” per se, or to a relatively less dif- 
ferentiated handedness. Classification is 
further complicated by the fact that 
left-handers tend, on the average, to 
be more variable than right-handers in 
their hand preferences (Benton, Meyers, 
& Polder, 1962; Downey, 1933; Hum- 
phrey, 1951; Trankell, 1950). 

Travis in 1931 showed a clear aware- 
ness of the problem, insisting that there 
were many degrees both of right-hand- 
edness and of left-handedness. Hildreth 
(1949a, 1949b, 1949c, 1950a, 1950b), 
Subirana (1952), Zangwill (1960), Col- 
lins (1961), and others have reached 
similar conclusions. It has been sug- 
gested too, by Blau (1946) and others, 
that a distinction be made between 
equal dexterity in both hands (ambi- 
dexterity) and an equal lack of dex- 
terity (bilaterality or ambilaterality). 
While a relative absence of skill in 
either hand would seem clearly to indi- 
cate a less differentiated and develop- 
mentally earlier level of motor func- 
tioning than a strongly lateralized pat- 
tern of hand skill (which implies some 
proficiency with at least one hand), the 
developmental status of a high-grade 
ambidexterity is less clear. A highly de- 
veloped proficiency with both hands, 
either for the same tasks (ambidexter- 
ity) or for different tasks (a high-grade 
mixed motor dominance), is probably 
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fairly uncommon. Certain individuals 
or occupational groups, however, may 
be motivated deliberately to train for 
ambidexterity, or will be selected for 
their ambidextrous potential (e.g., the 
dancer or the switch-hitting ball player). 

The relationship between handedness 

and reading problems bears special com- 
ment. Dearborn (1933) and Orton 
(1937) have considered mixed hand 
dominance to be more of a problem 
than consistent left-handedness for 
reading disabilities; data strongly sup- 
porting such a position have been re- 
ported by Harris (1962). This associa- 
tion is more readily understood in the 
context of formulations by Tschirgi 
(1958), Mach (1959), and others sug- 
gesting that awareness of spatial posi- 
tion and directionality in space (an 
ability required for reading mastery) 
is dependent upon asymmetry of the 
perceiving system. These authors con- 
tend that an animal whose brain is bi- 
laterally symmetrical cannot differenti- 
ate between stimuli arriving at homol- 
ogous points. Werner (1948) and others 
have documented the egocentric, an- 
thropomorphic characteristics of the 
spatial world of children and primitives, 
and suggest that objective space has 
gradually evolved from this primitive 
orientation. Kephart (1960) argues that 
a spatial coordinate system must be 
established—primarily through motor 
activity or its observation—within the 
body itself before directionality in ob- 
jective space can be appreciated. 

In this view, the absence of a con- 
sistent laterality should lead to greater 
directional confusion than a strong right 
or left skill differential. Benton and 
Menefee (1957) have demonstrated 
such a relationship in a group of young 
children. Benton (1959) „postulates a 

imotor basis for right-left dis- 
are aion in conjunction with certain 
Croic language skills which he believes 


are necessary for an appreciation of 
right and left as symbolic concepts. He 
cites several published cases involving 
utilization of proprioceptive cues in 
making right-left discriminations, and 
points out that children with unilateral 
motor disabilities (e.g., hemiplegic men- 
tal defectives) show relatively good 
right-left discrimination. Belmont and 
Birch (1963) report “reliable” right- 
left discrimination at age 7 and estab- 
lishment of “consistent” hand prefer- 
ence at age 9. Their conclusion that 
these two functions are etiologically un- 
related must be questioned, for handed- 
ness is a matter of degree, and evidence 
of preferential hand usage can be ob- 
served at a very early age. However, 
the study does point up the need for 
more definitive research in this area. 

Directional confusions lead, in turn, 
to word and letter reversals, difficulty in 
reading from left to right, etc. The only 
difference between a B and a D is one of 
laterality. Training for consistency of 
hand usage has sometimes been recom- 
mended as a means for establishing lat- 
eral directionality and eliminating read- 
ing reversals in children (see, egs 
Delacato, 1959), However, if ambilat- 
erality rather than ambidexterity were 
found to be most centrally involved 
(indicating a fairly general retardation 
of motor development), a comprehen- 
sive body of techniques for training of 
basic motor skills, such as those de- 
scribed by Kephart (1960) (possibly 
though not necessarily including train- 
ing directly for Proficiency of preferred 
hand usage) might conceivably be more 
useful than training for consistency of 
usage. 

Considered as a whole, the literature 
on handedness is Susceptible of two 
major criticisms. The first relates to the 
too exclusive concern with the prag- 
matic right versus left distinction, and 
the failure to grasp the potential utility 
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of the differentiated versus undifferenti- 
ated aspect of handedness as an index 
of development. One consequence of this 
restriction has been an overcompart- 
mentalized view of handedness; studies 
relating development of a differentiated 
handedness to more general aspects of 
motor development are needed. 

A second criticism concerns the tend- 
ency to rely upon questionnaire “con- 
sistency” measures of handedness, to 
the exclusion of behavioral measures of 
the level of an individual’s proficiency 
with each hand. (With children, the ex- 
aminer may ask the child to do certain 
things—throw a ball, hammer a nail— 
but the subject’s score still is based 
upon the consistency with which he pre- 
fers one or the other hand in different 
activities.) One must ask if consistent 
preferences necessarily signify a strong 
unimanual proficiency. 

By measuring an individual’s pro- 
ficiency with each hand separately, and 
in different tasks, more complete infor- 
mation could be obtained than through 
exclusive reliance on a questionnaire. 
One could compare lateralized and un- 
lateralized individuals with respect to 
level of skill with either hand to see 
how lateralization was in fact achieved, 
or inquire into the dimensional proper- 
ties of a domain of hand specialization 
indices through factor analytic tech- 
niques. Appropriate factor scores of 

and specialization might well have 
greater stability and greater predictive 
value (e.g., for reading problems or lan- 
8uage lateralization) than questionnaire 
or single behavioral measures. Too, it is 
ee Tat individuals (or hands) 
aeea Se to which they have 

ES vous oe of learning. 
male ence with subjects “origi- 
sible rightdste differen ie oh it of 
feats erences in “limit of 
tion pis and seek to derive ammuni- 

r their theories in a comparison 


of learning curves for the two hands. 
The concept of learning limits has re- 
ceived its most explicit use by Ferguson 
(1954, 1956), who suggested that “‘abili- 
ties,” so-called, had reference to over- 
learned performance at a crude limit of 
learning. 

Consideration might be given to the 
potential utility of measures of hand 
differentiation for several other areas of 
research endeavor. Studies in which the 
performances of hyperactive and hypo- 
active children are compared (eg., 
Switzer, 1961) or research utilizing the 
“action-thought” development paradigm 
(e.g., Phillips & Zigler, 1961) tend (a) 
to equate motor activity with diffuse, 
affect-dominated or symptomlike behav- 
ior, and therefore (b) to equate devel- 
opmental progression with suppression 
of motor in favor of ideational activity. 
The progression within the realm of spe- 
cifically motor development—from af- 
fect-dominated to ego-controlled skilled 
behavior and from diffuse ambilateral 
to laterally differentiated skilled behav- 
ior—is not usually considered. Meas- 
ures of lateralization in motor func- 
tions, as indicators of (motor) develop- 
mental level, might conceivably have 
utility too for sensory-tonic field per- 
ceptual research (Wapner, 1962) in 
which differential behavior on percep- 
tual tasks involving, for example, per- 
ception of apparent verticality, is pre- 
dicted on the basis of subjects’ develop- 
mental level (particularly in view of 
the spatial nature of such tasks and the 
apparent isomorphism of body and ex- 
ternal, nonbody, spatial coordinate sys- 
tems). Too, lateralized motor develop- 
ment undoubtedly has certain impli- 
cations for the enduring, background 
distribution of muscular tonus; further 
research might conceivably demonstrate 
some equivalence between functional 
asymmetries of this sort and the ex- 
perimentally induced, transient tonic 
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states utilized in sensory-tonic field re- 
search. 


Handedness and Brainedness 


Studies in this second category are 
concerned with certain established or hy- 
pothesized relationships between hand- 
edness (right versus left) and various 
aspects of brain functioning, language 
in particular. With respect to many mo- 
tor and sensory functions, activity in 
the right side of the body would appear 
to be mediated primarily by the left 
cerebral hemisphere, and vice versa. For 
example, if sodium amytal is injected 
into the carotid artery supplying one or 
the other side of the brain, a brief con- 
tralateral hemiplegia is produced (Wada 
& Rasmussen, 1960). On this level, 
then, handedness would seem to be- 
token a roughly corresponding brained- 
ness. If the hemisphere injected hap- 
pens to be dominant for speech, a dys- 
phasia is also produced. 

For many years it was believed that 
language and associated functions in the 
adult were mediated solely or almost 
solely by the “dominant” or “leading” 
hemisphere, by which one meant the 
hemisphere contralateral to the “Dre- 
ferred” hand. In recent years, however, 
this classic rule of brainedness has been 
challenged by a number of investiga- 
tors. Several different positions have 
been espoused; for example, that both 
right- and left-handers are left cerebral 
dominant for language (Roberts, 1951, 
1955), or that right-handers are almost 
invariably left-dominant for language, 
but that either the right or the left 
hemisphere (but not both) mediates 
language functions in the left-handed 
(Bingley, 1958). 

Of especial relevance for me present 

: osition espoused or con- 
nper TA Conrad (1949) Subirana 
dered by , 

TOE? Goodglass and Quadfasel 
aSa, Hécaen and Piercy (1956), 
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and Zangwill (1960)—that left-hand- 
ers may be less completely lateralized 
for language, having a greater degree 
of bilateral representation for speech 
than right-handers. Since left-handers 
apparently tend to be somewhat less 
completely lateralized in their hand 
preferences as well, and because of the 
tendency to group ambidextrous or 
ambilateral individuals with left-hand- 
ers (e.g., Hécaen & Piercy, 1956), it 
is conceivable that observed differences 
in degree of lateralization of language 
functions are related as much to degree 
of lateralization of hand functions as to 
leftness per se. Chesher (1936) pre- 
sented evidence supporting such a po- 
sition. Zangwill (1960), working with 
data supplied by Luria (1947), found 
that a certain proportion of dextrals 
(as well as sinistrals) showed incom- 
plete lateralization of the speech mecha- 
nisms. Raney (1939) and Rheinberger, 
Karlin, and Berman (1943), though not 
dealing specifically with language media- 
tion, demonstrated somewhat greater 
bilateral asymmetry of electrical brain 
activity in those individuals with most 
strongly lateralized hand dominance. A 
similar study by Glanville and An- 
tonitis (1955) gave negative results, 
however. 

The issues are undoubtedly more com- 
plicated than our presentation woul 
imply. Evidence presented by Lansdell 
(1962) suggests that right-hemisphere 
dominance for language may constitute 
a response to early neurological dam- 
age to the left hemisphere, and hence 
that right- and left-hemisphere domi- 
nant individuals should not be viewed 
simply as mirror-image equivalents. 
Too, an individual’s cerebral status al- 
most certainly involves more than 4 
question of degree of lateralization of 
language functions, or of left- versus 
right-brainedness. Hécaen and Piercy 
(1956) suggest that individuals may 
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vary not only in degree of language 
lateralization, but also in the diffuse- 
ness of language representation within 
a single hemisphere. They also raise 
the possibility of different degrees of 
cerebral focalization for the receptive 
and expressive components of language 
mediation. Zangwill (1960) suggests 
that a greater degree of lateralization 
of function may occur for more com- 
plex or highly evolved aspects of lan- 
guage than for primitive, emotional, or 
involuntary speech responses. Further, 
there is in all probability a greater de- 
gree of bilateral representation for lan- 
guage or for certain of its aspects in the 
young child than in the adult, with in- 
creasing lateralization or focalization of 
function occurring in the early years 
of development. Aphasia follows right- 
sided lesions more often in children 
than in adults (Freud & Rie, 1891; 
Sachs & Hausman, 1926) and is more 
often transitory. Total removal of the 
left hemisphere early in life need not 
Preclude the normal development of 
speech (Carmichael, 1954; Krynauw, 
1950). In these respects, and in their 
8reater susceptibility to expressive 
rather than receptive aphasias (Gutt- 
mann, 1942), children may show in 
their cerebral organization a certain re- 
semblance to left-handed adults (Hé- 
caen & Piercy, 1956). 

Relatively little is known of the corti- 
cal representation for sensory and mo- 
tor functions of the hands. However, 
Tesults of an investigation by Semmes, 
Weinstein, Ghent, and Teuber (1960) 
Suggest possible parallels between the 
Patterns of hemisphere representation 
for language and for somatosensory 
pestis. In a predominantly right- 
landed Population the sensory func- 
tions of the right hand were found to 
$ more focally represented (in the 

nsorimotor region of the contralateral 
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hemisphere) than were the correspond- 
ing functions of the left hand (which 
were more widely dispersed within the 
contralateral, and even, in many cases, 
the ipsilateral hemisphere). Thus, the 
pattern of sensory representation for 
the left hand (among dextrals) ap- 
peared to be somewhat analogous to the 
less lateralized or more diffuse pattern 
of language representation postulated 
among left-handers. Since sensory and 
motor representations in the cortex are 
grossly similar anatomically, motor as 
well as sensory functions of the left 
hand (in dextrals) might conceivably 
be found to be more diffusely repre- 
sented. 

Semmes et al. (1960) speculate that 
in the child, lateralization of motor 
functions occurs first, followed by lat- 
eralization of sensory, and of language, 
functions, respectively. They do not try 
to account for the genesis of these 
gradually emerging hemisphere differ- 
ences, however, or attempt to relate 
them. Calculations by Bingley (1958) 
show a clear-cut though far from per- 
fect, statistical association between 
handedness and brainedness (right ver- 
sus left). Use of different or more com- 
plex models and measures of handed- 
ness and brainedness, including, for ex- 
ample, consideration of degree of lat- 
eralization of function, might conceiv- 
ably demonstrate a greater degree of 
association. Goodglass and Quadfasel 
(1954), however, specifically reject the 
notion of a direct causal connection 
between handedness and brainedness 
(right versus left). Still, the possibility 
that handedness in some way influences 
or determines language dominance, Or 
vice versa, must probably be consid- 
ered. Such a possibility would seem not 
unreasonable, for example, if one ac- 
cepted the notion that primitive lan- 
guage has its roots in gestural com- 
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munication (Wundt, 1912, pp. 648 ff.; 
1916, pp. 58 ff.) or that gestural and 
verbal symbols subsume equivalent 
functions in the process of thought 
(Cushing, 1892), since the preferred 
hand would ordinarily be the more 
expressive hand, gesturally. However, 
purely physiological mechanisms may 
be responsible for the association. 


HANDEDNESS AND MOTOR 
DEVELOPMENT 


The present section attempts to pro- 
vide a broader basis for understanding 
development in handedness, through 
consideration of more general aspects 
of the development of manual and mo- 
tor functions. The failure of handedness 
research to contribute systematically to 
a cumulative body of knowledge has 
been due in some part to its failure 
to consider the roots of handedness in 
motor development. Orton (1937), for 
example, observed that the abnormal 
clumsiness and motor inaptitude of 
many ambilateral children involved 
movements of the body as a whole and 
not only the complex movements which 
underlie manual dexterity. Hildreth 
(1949a, 1949b, 1949c, 1950a, 1950b) 
has stressed the need for a develop- 
mental approach to handedness which 
would comprehend other manifestations 
of motor activity. Gesell and Ames 
(1947), too, view handedness as an in- 
tegral part of the “total action system” 
of the organism. Expressions of handed- 
ness constitute highly prominent forms 
of motor behavior, and factors which 
influence the course of development of 
motor and manual functions more gen- 
erally must be considered for their pos- 

sible impact upon handedness. Under- 
standing of the developing, differentiat- 


ing aspect of handedness, in particular, 
ing as 


joins such a consideration. 
en 


Drive versus Skilled Aspects of Motor 
Development 


Motility has been considered both for 
its pleasurable or tension-reducing as- 
pects and for its skilled aspects—its 
role as an instrument of mastery. Ref- 
erences to the expressive or driven qual- 
ity of primitive motor behavior or to 
the motor discharge of tension or affect 
have come from diverse sources. Groos 
(1898) documented the great force of 
the play impulse in young animals. The 
physiologist, Sherrington, suggested that 
the degree of relief of instinctual ten- 
sion depended on the degree of mo- 
tor involvement, with action giving the 
greatest relief, and thought and fantasy 
the least (in Freeman, 1948, p. 120). 
Such a notion is implicit, too, in Freud’s 
(1959a) view of thought as “an experi- 
mental way of acting, accompanied by 
displacement of smaller quantities of 
cathexis together with less expenditure 
(discharge) of them.” On the basis of 
controlled observations and experiments 
with animals and human infants, Levy 
(1938, 1944) posited the existence of a 
motor drive. Mittelmann (1954, 1955, 
1957) assembled considerable evidence 
for the existence of such a drive, said 
to be especially prominent during the 
second year of life and for several years 
thereafter due to rapid evolution of 
postural, locomotor, and manipulative 
skills. 

The pleasurable or tension-reducing 
(“id”) and skilled (“ego”) aspects of 
motor behavior have been differentiated 
by several observers, Anna Freud and 
Burlingham (1944) in a vivid descrip- 
tion of children under the sway of the 
motor urge (pp. 14-16), note both the 
intense pleasure which the child de- 
rives from the unrestricted exercise of 
hands and legs, and the manual and 
motor skills which develop out of this 
exercise. Freud (1959a, 1959b) ob- 
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served that under the supremacy of the 
“pleasure principle,” motility served 
primarily a discharge function, result- 
ing in affective experience and in an 
internal alteration of the body without 
reference to the outer world; with the 
introduction of the “reality principle,” 
motility was employed in the appropri- 
ate alternation of reality, largely under 
ego control. Similar distinctions were 
made by Mahler, Luke, and Daltroff 
(1945). The more skilled forms of mo- 
tility—being tied, in this view, to the 
development of the ego, and involving 
a large learned component—could come 
to predominate only in ontogenetically 
later phases of development. 

Developmentally early forms of mo- 
tor and manual behavior appear, then, 
to be relatively unmodulated and affec- 
tive in nature and to be geared pri- 
marily to problems of tension manage- 
ment created by internal need states. 
Later forms presumably embody a large 
learned component, are more responsive 
to the requirements for action imposed 
by the external environment, and are 
more generally under the control of con- 
Scious thought processes. Development 
in hand differentiation would seem of 
necessity to proceed more or less con- 
currently with maturation in general 
motility as here described, since mani- 
festations of handedness constitute 
Prominent forms of motor behavior. 
Certain implications of this collateral 
development will be considered below. 

irst, however, let us turn to a consid- 
eration of those factors which exert a 
significant causal influence upon hand- 
edness and motor development. 


F itiors Influencing Handedness and 
Totor Development 


on concern here is to identify, so 
ene Possible, those genetic and envi- 
x ntal factors which influence the 

urse of development in handedness, 
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and the mechanisms through which they 
operate. Studies concerned with the 
origins of handedness fail, for the most 
part, to deal with the developing, differ- 
entiating aspect of handedness, though 
studies dealing with more general as- 
pects of motor development often deal 
fairly explicitly with the development 
of manual functions and skills. 

Genetic and Prenatal Factors. The 
genetic contribution to motor develop- 
ment is but little understood at the 
present time. According to Anastasi 
(1958a), hereditary influences may be- 
come manifest for the first time at any 
age, and environmental influences be- 
gin to operate long before birth. Sontag 
(1941, 1950), Pasamanick and Knob- 
loch (1961), and others have empha- 
sized the significance of the fetal envi- 
ronment in determining characteristics 
of the physiological behavior of the 
newborn infant. Hence, though infants 
vary considerably in the amount of mo- 
tor activity they show at birth (Fries & 
Woolf, 1953; Irwin, 1932), this varia- 
tion cannot be attributed solely to in- 
nate factors. 

In recent years, genetic models of 
handedness have been advanced by Rife 
(1950), Trankell (1955), and Merrell 
(1957). Fuller (1960) observes that 
handedness (right versus left) has long 
been a favorite subject for behavioral 
genetics, providing a convenient testing 
ground for ideas on nature-nuture in- 
teraction. However, identical findings 
have all too often led to opposite con- 
clusions in the hands of investigators 
of nativist versus environmentalist ori- 
entations, with no critical test available 
to resolve these differences. That genetic 
factors are intimately involved in the 
process of development, including the 
development of a differentiated handed- 
ness, is hardly to be doubted, for most 
present-day geneticists believe that both 
hereditary and environmental factors 
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enter into all behavior. It is probable, 
however, that the learned and unlearned 
components of behavior are frequently 
present as relatively inseparable co- 
functions, and may therefore be quite 
difficult to isolate (Anastasi, 1958b; 
Sperry, 1958). Dennis (1941) and 
Beach (1955) suggest further that it is 
impossible at the present time to de- 
velop an operational method for distin- 
guishing between learned and unlearned 
responses, since we have no universal 
agreement as to what constitutes learn- 
ing. In view of the many possible pat- 
terns of causal sequence by which a 
gene mutation may effect a change in 
behavior (Sperry, 1958), the different 
possible modes or levels of environmen- 
tal influence on development, and the 
diversity of ways in which hereditary 
and environmental factors may inter- 
act (Anastasi, 1958b), it would seem 
important to establish the specific 
modus operandi of genetic and of en- 
vironmental influences on handedness 
behavior. 
A genetic model to predict right- ver- 
sus left-handedness (handedness being 
viewed as a dichotomous variable) 
clearly should not be expected to ac- 
count for those differentiated or graded 
aspects of handedness that have been 
emphasized in the present paper. A 
very slight, genetically controlled mor- 
phologic imbalance favoring one or the 
other hemisphere would (along with so- 
cialization experiences) be expected to 
contribute to an individuals favoring 
one or the other hand, and perhaps ulti- 
mately, through more extensive use and 
learning with the preferred hand, to his 
becoming predominantly right- or left- 
handed. This particular model would 
have to be elaborated somewhat, how- 
r, to account for differences in the 
TEA of lateralized function ultimately 
hieved. Presumably, greater emphasis 
ac Jd now have to be placed upon 
w c inheritance leading to rela- 
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edness (Rife, 1940), rather than upon 
single Mendelian genes. Differences in 
degree of lateralization might conceiv- 
ably be attributed to different, geneti- 
cally given “limits of learning” or 
“learning efficiency rates” for the two 
hemispheres, though, as we have seen, 
little support for such a position can 
be obtained from present morphologic 
findings. As suggested in a later sec- 
tion, more indirect mechanisms, learned 
and/or innate, might conceivably lead 
to the same phenotypic differences, in 
spite of relatively equal hemisphere po- 
tential at birth. Further investigation 
of the complex, phenotypic patterning 
of handedness, including an inquiry into 
its relationship to more general aspects 
of motor development, would seem pre- 
requisite to the construction of an ade- 
quate developmental (genetic and/or 
psychogenetic) model. 

Environmental Factors. Clear-cut evi- 
dence for an environmental influence 
on handedness, specifically, is difficult 
to find, though Falek (1959) observed 
that left-handed fathers produced fewer 
left-handed progeny than would be ex- 
pected, apparently because they found 
sinistrality a disadvantage in their work 
and trained their children against it. 
Blau (1946) speculated that many cases 
of left-handedness were attributable to 
“emotional negativism,” 

The influence of environmental fac- 
tors on the course of development of 
manual and motor functions more gen- 
erally, however, has been demonstrated 
in several studies—most dramatically, 
perhaps, in the extraordinary motor 
retardation observed by Spitz (1945, 
1947) in his foundling-home children. 
These emotionally deprived children 
were found to be seriously retarded in 
the area of hand skills as well as in lo- 
comotor and speech development. Wil- 
liams and Scott (1953) reported sig- 
nificant relationships between specific 
child-rearing practices and motor-de- 
velopment scores. Accelerated develop- 
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ment of manual and locomotor skills 
under conditions of unrestricted mo- 
tility and social reinforcement (in a 
wartime nursery setting) was observed 
by Anna Freud and Burlingham (1944). 
In these latter studies, the environ- 
mental influence would appear to have 
operated primarily by providing, or by 
failing to provide, opportunities and en- 
couragement for the learning and prac- 
tice of skilled motor behaviors. There 
is some evidence, however, for a some- 
what different modus operandi of en- 
vironmental influence on motor and 
manual functions, involving interfer- 
ence with the learning of skilled mo- 
tor behaviors through the intrusion or 
threatened intrusion of primitive, drive- 
linked forms of motility. Motor tics in 
children (Mahler, Luke, & Daltroff, 
1945) and animals (Levy, 1944), elic- 
ited by restricted opportunities for mo- 
tility, constitute one such intrusion. 
Fenichel (1928, 1945), in particular, 
has emphasized the role of muscular 
dystension in the neurotic’s line of de- 
fense against unacceptable impulses. 
According to Fenichel, defense processes 
aim primarily at barring the warded-off 
impulses from motility, while barring 
them from consciousness is only a means 
of achieving this; hence, pathogenic de- 
fenses always signify an inhibition of 
certain movements. Similar notions, less 
Carefully explicated, underlie Reich’s 
(1949) conception of the “muscular 
armoring” of the neurotic patient; both 
Fenichel and Reich saw the neurotic as 
muscularly dystonic’—the dystonia 
PSS tri a struggle between motor 
: pulse and a tendency to block the in- 
ieee movement. According to Reich, 
a niey or movement inhibitions 
Seca chest musculature (presumably 
Re ae Be the compulsive character) re- 
F _ awkwardness” of the arms and 
= n inhibition of those arm move- 
ents which express “reaching-for- 
Something” or “embracing.” j 
There would appear, then, to be at 


least two modes through which envi- 
ronmental factors can impede (or fa- 
cilitate) the course of development of 
manual and motor functions. On the 
one hand, the environment may simply 
fail to provide the individual with suffi- 
cient opportunities and encouragement 
for the learning and performance of (de- 
velopmentaily advanced) motor skills. 
On the other hand, functional muscular 
disturbances or motor inhibitions pro- 
voked ky the threatened eruption into 
motility of primitive, drive- or affect- 
related impulses may constitute a di- 
rect impediment to the learning and 
performance of (developmentally ad- 
vanced) skilled motor behavior. Since 
primitive, drive-related motor urges are 
most characteristic of earlier stages of 
motor development, the existence of 
functional muscular inhibitions of the 
sort described by Fenichel and Reich 
would seem to bespeak a continuing 
preoccupation with developmentally 
early forms of motor behavior. The 
potential impact of drive-related motor 
behavior on handedness development 
will be considered below. 


INCENTIVES TO SPECIALIZE AND VHE 
PROBLEM OF INDIVIDUAL 
DIFFERENCES 


The factors leading to a specifically 
“unilateral” development in handedness 
(or brainedness) are but little under- 
stood. Since present evidence suggests 
that the two hemispheres are relatively 
equipotential at birth, an assumption of 
(direct) genetic control of the process 
of lateralization seems unwarranted, 
and other explanations must be sought. 

The idea that lateralized function is 
somehow more “efficient” is not a 
unique one. Travis (1931) saw it as 
providing “required specialized organs,” 
Blau (1946) as making for “economy 
in development for special capacities,” 
and Gesell (1945) as leading to “effec- 
tive attentional adjustments.” Good- 
glass and Quadfasel’s (1954) notion of 
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a snowballing “self-reinforcing” process 
in language lateralization seems par- 
ticularly apt when applied to the area 
of handedness: once a young child 
achieved even a slight preference for 
one hand in any given (unimanual) 
task, this dominance should rapidly ex- 
tend itself to more and more tasks and 
skills, through transfer of training to 
common elements of these tasks. 
“Efficiency” notions generally do not 
specify in sufficient detail either the 
source (endogenous or environmental) 
or the mechanism of factors pressing for 
lateralization of functions. Too, they 
fail to explain why some individuals do 
not develop a specialized handedness. 
In the broadest view, of course, the 
process of differentiation in handedness 
is probably influenced by any of a num- 
ber of factors contributing to motor or 
psychological development or to onto- 
genetic growth generally. Research in 
this area is much needed. Several more 
specific formulations could also be ad- 
vanced, however, to account for indi- 
vidual differences in degree of lateral- 
ized development. Those considered be- 
low will have differential utility for 
psychologists of different theoretical 
persuasions and interests. They vary in 
level of generality, and are not to be 
considered as mutually exclusive. 
1, Lateralized development might be 
seen as a response to environmental 
demands for skilled performance—for 
use of the hand as a tool. Efficiency no- 
tions themselves seem often to presup- 
pose a commitment to rational, instru- 
mental, environmentally oriented ac- 
tion. Too, this kind of performance will 
be seen to correspond rather closely 
with developmentally later, environ- 
ment-oriented forms of learned, ego- 
controlled” motility described by psy- 
lytically oriented observers, and 
pene ely incompatible with devel- 
seams ke es more pleasure-ori- 
epee of motility. An overriding 


eoccupation with or valuation of the 
pr 
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inner world of thought or fantasy, or a 
strong investment in “intellectual” pur- 
suits to the relative exclusion of action- 
oriented modes of expression, might in 
this view preclude attainment of a 
strongly lateralized handedness. 

2. Whereas the above formulation 
has emphasized the press of the ex- 
ternal environment for specialized de- 
velopment, and differential individual 
responsiveness to this press, the present 
formulation focuses more upon the in- 
ternal demand characteristics of primi- 
tive drives—the bilateral constraints on 
motility imposed by instinctual de- 
mands for (bilateral) pleasure experi- 
ence. That is, in the absence of findings 
to the contrary, one would assume that 
a movement response on one side of the 
body would elicit approximately the 
same amount of undifferentiated pleas- 
ure experience or reduction in drive 
tension as a movement response on the 
other side; hence, a class of movement 
Tesponses governed solely by the “pleas- 
ure principle” should be relatively bi- 
lateral in nature. Excessive continued 
Preoccupation with affective or drive- 
related forms of motility might in this 
view preclude attainment of a strongly 
lateralized handedness, 

3. Describing the “intrinsic inhibi- 
tion” explanation of response decre- 
ment, Osgood (1953) observes that the 
greater the intensity of fatigue at any 
moment, the greater the tendencies to 
inhibit the response or to shift to al- 
ternate muscle systems (as in carrying 
one’s bag from the Station) in order to 
reduce the total accumulation of psy- 
chologically effective fatigue. Eysenck 
(1955) has postulated the existence of 
individual differences (presumably in- 
nate) in the strength of reactive inhibi- 
tion and the speed with which it is 
produced and dissipated. Were an in- 
dividual more prone than others to de- 
velop a strong reactive inhibition fol- 
lowing exertion, he might be less able 
or willing to expend the sustained, con- 
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tinuous effort necessary to develop au- 
tomatized skills with one (the pre- 
ferred) hand. He might instead be more 
Prone either (a) to shift hands, and 
thereby acquire a mediocre level of skill 
with either hand (“low-grade” ambi- 
dexterity), or (b) to give up trying al- 
together, and thereby fail to establish 
any hand proficiency whatever (ambi- 
laterality in the narrow sense). Were 
hand specialization found to be a multi- 
dimensional phenomenon, it would tend 
to militate against a fatigue theory 
of specialization, unless—as suggested, 
Perhaps, by findings of Rechtschaffen 
(1958) and Becker (1960)—fatigue 
can itself be conceived as multidimen- 
sional in nature. 

4. It is possible that some individu- 
als have developed a relatively special- 
ized—or at least consistent—pattern of 
handedness by virtue of personal ri- 
gidities involving an unwillingness to 
change an established perceptual-motor 
set or an inability to tolerate or explore 
the awkward, undeveloped, less-than- 
best performance of the nondominant 
hand. Should an individual give tempo- 
rary ascendance to his nondominant 
pad (reverse his handedness), he is 
orced, for the nonce, to take the role 
p a motorically more awkward or un- 
Eeg individual. If he is not able, 
Sta rently, to relinquish his usual 

andards for instrumental achievement, 

i may find his new identity an un- 
I) res and conflictual one. 
ee in spite of the relative 
Som ase of the two hemispheres in 
absolut vrphology, one cannot rule out 
eed „the possibility that future 
ifferen will disclose significant native 
a te in hemisphere structure on 
ro a or subcellular level—differ- 
manifer ich contribute significantly to 

Se on a of hand lateralization. 
plain t 8toss morphology cannot ex- 
S i a population trend to 
tal mipien inherited or congeni- 

gical differences cannot be 


ruled out entirely when dealing with 
the individual case. 


DIMENSIONALITY IN HAND 
LATERALIZATION 


Expressions of hand lateralization are 
very probably multiply and complexly 
determined in their origins—a condition 
which militates against the notion of a 
unitary process or dimension underly- 
ing all manifestations of lateralization. 
The unlikelihood of finding but a single 
dimension of specialization in handed- 
ness is argued, too, by findings of spe- 
cialized physical development (Pater- 
son, 1930) or multiple growth factors 
(McCloy, 1940). The generality of any 
single measure of lateralization must 
therefore be seriously questioned. This 
area is much in need of clarification, 
being deficient both in theory and in 
data. A factor-analytic approach could 
be useful, in view of the few guide lines 
persently available. However, this would 
not abrogate the need for a more ade- 
quate conceptualization regarding theo- 
retically meaningful dimensions of spe- 
cialization in handedness. Several pos- 
sibilities offer themselves in this re- 
gard: 

1. Measures of hand lateralization in- 
volving fairly gross arm-shoulder mus- 
culature and movement skills may have 
somewhat different dimensional proper- 
ties and significance from measures 
based upon more discrete hand skills 
since, according to the proximo-distad 
principle of development, control of 
movements of large muscle groups 
proximal to the body axis tends to oc- 
cur earlier in ontogenesis than inde- 
pendent movements of more distal 
parts. It is possible, too, that laterali- 
zation of more proximal arm/shoul- 
der movement patterns would create 
stronger pressures for an accompanying 
reintegration or coordination of sub- 
functions than would lateralization of 
peripheral skills. 
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2. The degree to which one’s measures 
of hand lateralization draw upon sim- 
ple, highly practiced or “automatized” 
abilities (as described, e.g., by Brover- 
man, 1960) has potential theoretical 
and practical significance, since spe- 
cialization in handedness might con- 
ceivably be viewed as an example of 
automatization or overlearning of be- 
haviors. In this view the preferred hand 
may serve as “the instrument” of au- 
tomatization—the means by which one 
overlearns many simple, everyday be- 
haviors. 

3. Meaningful relationships might 
well be found to obtain between par- 
ticular dimensions of hand lateraliza- 
tion and dimensions of ability isolated 
in factorial studies of motor abilities 
(eg., Fleishman, 1958). One will note, 
however, that the notion of hand dif- 
ferentiation involves reference to a re- 
lationship between different subfunc- 
tions within the same individual. Quite 
a different situation prevails in the 
typical study of motor abilities, wherein 
unimanual task data are rarely obtained 
for the nondominant hand, and vari- 
ables are treated as unitary and undif- 
ferentiated. 
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SEMANTIC SATIATION AND GENERATION: 
LEARNING? ADAPTATION? ' 


HARRIETT AMSTER 


University of California, Berkeley 


This review evaluates the reliability of the phenomena of semantic satia- 
tion and the applicability of 3 interpretations. Despite some evidence 
to the contrary, connotative satiation has been demonstrated in many 
experiments which involve continuous fast repetition of a word for 
about 15 sec. Generation, the opposite of satiation, appears more likely 
to occur when the stimuli are meaningless, when different words are 
interspersed during repetition, when the repetition period is short, and 
when the rate of repetition is slow. Associative satiation and its cogni- 
tive effects were found to be repeatedly demonstrated. Certain assump- 
tions were made in order that the learning interpretation might account 
for the 2 types of satiation. The inhibition interpretation was found 
basically adequate in this respect and compatible with the learning in- 
terpretation. A new interpretation of connotative satiation in terms of 
the theory of adaptation level was proposed. This interpretation could 
account for a variety of connotative effects including some evidence 
contrary to connotative satiation and for connotative satiation itself. 


The need for a review of semantic 
satiation was sparked by Yelen and 
Schulz (1963) who failed to replicate 
the phenomenon. They also presented 
a critique of some experimental work 
on the problem (Lambert & Jakobovits, 
1960) and questioned its interpretation 
Im terms of reactive inhibition (Lam- 
bert & Jakobovits, 1960). In a rebuttal, 
Lambert and Jakobovits ? defended the 
evidence for semantic satiation and 
Presented additional support for its 
theoretical interpretation. The present 
Paper is a more extensive review which 
Includes not only semantic satiation, 
but other effects of repetition on verbal 
Meaning, 

Semantic satiation ® is the loss of a 
Word’s Meaning which comes about 


eo article was written under the auspices 

i t nstitute of Human Learning which is 

nie ed by a grant from the National Sci- 
ae oundation, 

“phe  pabliehtd manuscript, 1963, entitled 
rae for Semantic Satiation.” 

served f erms satiation and generation are re- 

Or the effects which result from satiat- 


through its continued repetition or 
prolonged inspection. Introspective re- 
ports of satiation were originally studied 
in Titchener’s laboratory (Basette & 
Warne, 1919; Don & Weld, 1924; 
Severance & Washburn, 1907) and in- 
trospective criteria of satiation have 
continued to be used by subsequent in- 
vestigators (Fillenbaum, 1963; Miller, 
1963; Smith & Raygor, 1956; Wert- 
heimer, 1958; Wertheimer & Gillis, 
1958). However, semantic satiation 
need not be restricted to phenomenal 
meaning; it also refers to the loss of 
specific aspects of verbal meaning, 
which comes about through repetition. 

Two types of semantic satiation will 
be distinguished: Connotative satiation 
which involves neutralization of conno- 
tative meaning and associative satia- 
tion which involves a reduction in the 
availability of the customary associa- 
tions to a word. The opposite of satia- 


ing conditions or procedures, the stimulus ar- 
rangements which may predispose the subject 
to satiation. 
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tion is semantic generation, described 
by Yelen and Schulz (1963) as an in- 
creased connotative extremeness induced 
by repetition. It implies that words 
which are slightly positive on a certain 
scale of meaning will, after repetition, 
become even more positive, while words 
which are slightly negative will become 
more negative. An alternative, con- 
sistent generation, is that repetition 
changes connotative polarization in a 
consistent direction on a particular 
scale. Accordingly, ratings on a hypo- 
thetical scale which has a tendency to- 
ward positive generation would become 
more positive after repetition and simi- 
larly, ratings would become more nega- 
tive on a scale which has a tendency 
toward negative generation. Consistent 
generation thus involves shifts in one 
direction which may result in increas- 
ing or decreasing polarity. Needless to 
say, both generation phenomena are in- 
compatible with satiation. 

This paper will review studies of 
semantic satiation and related phe- 
nomena, emphasizing relatively recent 
studies and those which employ objec- 
tive indicators of specific aspects of 
meaning. Individual differences in sus- 
ceptibility to satiation as reported by 
Warren (1961), Yelen and Schulz 
(1963), and Das (1964) will not be 
discussed as a separate topic. Also, no 
attempt was made to review the litera- 
ture on the physiological effects of ver- 
bal repetition although such effects are 
known to exist (Mason, 1941). In the 
first section of this paper connotative 
effects of repetition will be described. 
Evidence of connotative satiation and 
generation will be presented and vari- 
ous criticisms of existing research will 
be evaluated in an attempt to establish 
the empirical status of the phenomena. 
The evidence for associative satiation 
and its mediational effects will be pre- 
sented in the second section of this pa- 


per. In the concluding section, two pre- 
dominant and current theoretical inter- 
Pretations of connotative satiation will 
be discussed and an auxiliary inter- 
Pretation proposed. Some cognitive ef- 
fects of satiating conditions are incor- 
porated in the final section, 


Connotative SATIATION AND 
GENERATION 


In the original experiments by Lam- 
bert and Jakobovits (1960), words were. 
rated on several scales of connotation 
Tepresenting each of three dimensions 
of meaning. The dimensions, Evalua- 
tion, Activity, and Potency, were those 
found by Osgood, Suci, and Tannen- 
baum (1957) to be dominant. Among 
the scales used to represent the three 
respective dimensions were the good- 
bad, Passive-active, and strong-weak. 
Typically, a set of words was rated on 
six or nine scales. The words were then 
individually exposed for 15 seconds 
during which the subject repeated the 
Same word 2-3 times per second. Fol- 
lowing this repetition, the word was 
rated on one scale. The procedure was 
repeated until all words were rated 
on all scales. Several different control 
groups were employed. In one of the 
experiments (Lambert & Jakobovits, 
1960), a peripheral control was used 
in which subjects repeated crony and 
NUKA before rating necro and CANOE, 
respectively. Although the motor re- 
sponses involved in the repetition of 
GRONY and NEGRO (NUKA and CANOE) 
are identical, the cognitive responses 
should have been different. Satiation 
was obtained in the experimental grouP 
which repeated Necro and canog, but 
was not obtained in the peripheral con- 
trol condition, or other control condi- 
tions. Thus it appears that the cog- 
nitive activity which represents the 
meaning of the symbol must be con- 
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sistently called into play during repe- 
tition in order for satiation to occur. 

In one of their studies, Yelen and 
Schulz (1963) repeated part of an ex- 
Periment conducted by Lambert and 
Jakobovits (1960). Using a different 
measure, they found in contrast to the 
earlier investigators, a strong trend (p 
< .06) toward generation. In two other 
experiments in which control groups 
were employed, the one a repetition of 
Lambert and Jakobovits (1960) and 
the other a partial replication using the 
Same words but different scales, no 
overall evidence for satiation or genera- 
tion was obtained. However, some scales 
were found to show consistent trends 
toward satiation and others showed con- 
Sistent generation trends. In a final ex- 
periment the procedure was repeated 
with three generation scales and three 
Satiation scales and the difference be- 
tween the generation and satiation 
Scales was found to be reliable. From 
the experiments conducted it was not 
Possible to determine which of the two 
types of generation might be occurring. 
Scales related to the same dimension 
of Meaning did not appear to show 
Similar trends toward satiation or gen- 
eration, but the trend did appear re- 
lated to the initial level of the ratings 
of the Particular set of words. However, 
the evidence is entirely inconclusive 
since initial level and scale have not 

een independently varied.* 


R egression E fiect 


Velen and Sch 
en ulz (1963) suggest the 
ey that both the satiation and 
8eneration tendencies may be accounted 


4 
iver Apa has been made to vary initial 
scale independently but no signifi- 
ìn connotation wi b: 
spit ere observed de- 
e ma Ba that the basic satiating pro- 
ambert & Jakobovits, 1960) was 


replicate 
cation, ae Olton, personal communi- 


for by an artifact, regression, which de- 
pends on the fact that, in the experi- 
ments reported, the initial ratings of 
words varied from scale to scale. Ac- 
cording to a regression explanation, 
when initial ratings are near the neu- 
tral zone, generation is probable; but 
when they are near the extremes, satia- 
tion is more likely. To control for this 
effect, appropriate experimental pro- 
cedure entails selection of words at dif- 
ferent distances from the neutral point 
and an equal number of words above 
and below the neutral point on a par- 
ticular scale. They should also be dis- 
tributed symmetrically about the neu- 
tral point and not too close to the 
extremes of the scale. Consequently, 
different words would have to repre- 
sent different scales. The regression 
criticism may be seen to apply to any 
study involving words unselected for 
initial connotation and thus applied not 
only to the studies by Lambert and 
Jakobovits (1960) but also to the stud- 
ies by Yelen and Schulz (1963). Yet, 
admitting that the regression effect is 
plausible, the real question is, can it ac- 
count for the obtained satiation and 
generation? 

In a reanalysis of the data of one 
of the earlier experiments (Lambert & 
Jakobovits, 1960), in which stimuli 
tended to be in the middle of the po- 
larity range, Lambert and Jakobovits * 
found satiation on all scales regardless 
of initial level. Connotative satiation 
has also been obtained by others (e.g., 
Das, 1964; Kanungo & Lambert, 
1963a, 1963b). Messer, Jakobovits, 
Kanungo, and Lambert (1964), using 
different words and scales, but still not 
controlling for initial levels on the 
scales, also reported that satiation was 
obtained on all scales. However, based 
on their reported means, some evidence 
of a regression effect can be observed. 
The rank-order correlation between the 
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magnitude of the satiation effect and 
the initial ratings is found to be +.42 
(p < .05). The most salient feature of 
these experiments is that control groups 
were employed and without invoking 
concepts such as satiation, it is im- 
possible to explain how a reliable re- 
gression effect could consistently occur 
under the experimental satiation treat- 
ments and not under control treat- 
ments. Thus the regression hypothesis 
is quite likely to account for some of 
the variance in the findings, but does 
not cast doubt on the existence of con- 
notative satiation. 


Differences in Method 


In order to understand the satiation 
phenomenon we must discover why in 
one case directly opposite results were 
obtained by two investigators in which 
the same materials and similar pro- 
cedures were employed (Lambert & Ja- 
kobovits, 1960; Yelen & Schulz, 1963). 
Although the possibility exists that the 
subjects represented different popula- 
tions, there is a strong probability that 
procedural discrepancies account for the 
differences, or that the differences may 
be attributed to the use of different 
measures of connotative change (Lam- 
bert & Jakobovits*). Lambert and 
Jakobovits (1960) used a polarity dif- 
ference measure while Yelen and Schulz 
(1963) used a mean difference score. 
To illustrate the differences between 
the two scores consider the example 
supplied by Lambert and Jakobovits.? 
With three initial ratings of 2, 7, 
and 3 and final ratings of 4, 5, and 
5 one obtains a mean difference score 
of 4+5+5 minus 2+7+3=+ .67. 

3 
This would be called generation since 
the mean of the scores was above neu- 

1 at the outset. If the mean had been 
a al at the outset, it would 


w neutr: ak 3 
eo been called satiation. Using a po- 


larity difference score, the scores are 
first transformed into polarity scores, 
the deviation between the absolute value 
of the score and the neutral point. One 
obtains a difference 0+ 1 +1 minus 
3 
2+3+1=-—1.33 which indicates sa- 
3 

tiation. Thus whether satiation or gen- 
eration is observed for the mean differ- 
ence score depends on the direction of 
the shift on a particular scale, while the 
polarity score is independent of this 
factor. Thus the measure of both satia- 
tion and generation as previously de- 
fined is the polarity score while the 
mean difference score more clearly 
measures consistent generation. The lat- 
ter can only be used to measure satia- 
tion and generation if words are pre- 
selected with respect to symmetry of 
initial values about the neutral point 
or the point under consideration on 
each scale. 

Although it is theoretically possible 
that the discrepant results may be ac- 
counted for by the different measures 
employed, it is of interest to obtain 
some empirical evidence. Consequently, 
data obtained by Hodge and Battig * 
employing the same words and scales 
as Lambert and Jakobovits (1960) 
and Yelen and Schulz (1963) were 
analyzed by both measures.? The ex- 
periment (Hodge & Battig®) will be 
described before the results of this 
analysis are presented. 

On the hypothesis that the contrast- 
ing results obtained by the two sets of 
investigators (Lambert & Jakobovits, 
1960; Yelen & Schulz, 1963) may be 


5 Unpublished manuscript, 1963, entitled 
“Effect of Rate of Repetition upon Verbal 
Satiation.” 

6 Scoring by the two measures was sug- 
gested by William Battig who very kindly 
provided the data (see Footnote 5) for this 
purpose. 
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attributed to differences in the rates 
with which the words were repeated, 
Hodge and Battig*® compared the ef- 
fects of fast and slow repetition on 
satiation-generation. The subjects were 
45 undergraduate men from the Uni- 
versity of Virginia. Under fast repe- 
tition subjects were instructed to repeat 
the word as fast as they could (Yelen 
& Schulz, 1963) and under slow repe- 
tition they repeated the word 1.5 times 
per second which is considerably slower 
than the 2-3 per second rate employed 
by Lambert and Jakobovits (1960). 
For the control group which repeated 
unrelated words, approximately half of 
the subjects were given the fast rate 
and the other half were given the slow 
rate. The three satiation scales differed 
Significantly from the three generation 
scales in the change in ratings from 
Pre- to postrepetition. The F ratio for 
Scale-type was 4.10 for the polarity 
Score and 17.14 for the mean difference 
Score (df= 1/42, p< .05 and < 01, 
respectively). However, the differences 
as a function of rate of repetition were 
hot statistically significant. The F ratio 
Was 2.29 for the polarity score and 1.62 
for the mean difference score (df = 
2/42, p<.11 and ns, respectively). 

he means for both measures showed 
a strong trend toward satiation after 
fast Tepetition and a very slight trend 
toward generation after slow repetition. 
For both measures, only the satiation 
Scales showed the trend toward satia- 
tion under fast repetition and only the 
generation scales showed the trend to- 
ow generation under slow repetition. 
or the polarity score there was no dif- 
€rence between the two types of scale 
under the control condition, but for the 
ee difference score the difference be- 
eee two types of scales was al- 
ones Nea as great under the control 
dia lon as under any of the other con- 

lons. Consequently, the differences 
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between the satiation and generation 
scales may be due largely to regression 
effects and are not related to the effects 
of the experimental condition. Further, 
no evidence of generation and some 
evidence for satiation were obtained 
under the fast repetition (satiation) 
condition. Despite lack of statistical 
significance, these results seem incon- 
sistent with those of Yelen and Schulz 
(1963) and consistent with those of 
Lambert and Jakobovits (1960). The 
two measures gave slightly different re- 
sults in the predicted direction; with 
the polarity score the satiation effects 
were larger and with the mean differ- 
ence score the generation effects were 
larger. However, since the generation 
trend only occurred under slow repe- 
tition, no doubt was cast on the validity 
of satiation. But Das (1964) found 
satiation to be quite small despite a 
40-second period for repetition, and 
Yelen and Schulz (1963) did not find 
a difference between massed and dis- 
tributed repetition as expected. 


Consistent Generation 


Despite its merits as a measure of 
satiation and generation, the polarity 
difference score may mask consistent 
generation. Direct evidence for consist- 
ent generation stems from the work of 
Johnson, Thomson, and Frincke (1960) 
who presented meaningless and conno- 
tatively neutral verbal materials to be 
rated for goodness before and after 
repetition. Repetition involved explicit 
pronunciation of different meaningless 
words presented for a varying number 
of trials in a scrambled sequence. The 
hypothesis of generation formulated 
above would not imply a consistent in- 
crease or decrease in connotation as 
does consistent generation. In accord- 
ance with the latter, items which were 
equal and neutral in rated goodness 
were observed to increase with fre- 


278 HARRIETT AMSTER 


ney of repetition in a statistically 
TE manner (Johnson et al., 1960). 
However, the assignment of words to 
frequency conditions was not counter- 
balanced in this study nor was a con- 
trol group employed. Thus the conclu- 
sion may have been an artifact of the 
particular assignment of words to con- 
ditions. Consequently, as part of a 
larger study, this experiment by John- 
son et al. (1960) was repeated by 
Amster and Glasman (1965) with the 
addition of a control group and other 
modifications in procedure. The results 
were replicated and, in addition, no ef- 
fect of repetition was found on the vari- 
ability of the ratings. If generation had 
occurred, some of the relatively neutral 
words would have become positive and 
others negative, producing an increase 
in the variability of the set of words. 
Although no trends were found for the 
strong-weak scale, consistent genera- 
tion occurred especially for neutral 
meaningless material on the good-bad 
scale, and it tended to characterize 
the active-passive scale. These scales 
were two of the scales which Yelen and 
Schulz (1963) singled out as genera- 
tion scales although they preferred to 
attribute generation to a regression ef- 
fect. In the case of the studies by John- 
son et al. (1960) and Amster and Glas- 
man (1965), regression could not ex- 
plain the results because all stimuli 
were at the outset, neutral in goodness, 
although they were mildly positive in 
activity. 


Connotative Satiation and Generation 
Reconciled 


The fact that consistent generation 
has been observed does not preclude the 
possibility that satiation may exist also. 
For one thing, there were procedural 
differences. The major differences be- 
tween the satiating conditions and the 
procedure employed by Johnson et al. 
(1960) and Amster and Glasman (1965) 


were (a) higher frequencies of exposure 
were employed in the case of the satiat- 
ing conditions; (b) for the satiating 
conditions the same word was repeated 
continuously while in the latter case the 
20 stimuli were interspersed during 
repetition; (c) for experiments on sa- 
tiation the connotations of the words 
were different at the outset, but in this 
case they were highly similar; and (d) 
for satiation, words were employed 
while both words and syllables were 
used in two of the other experiments 
(Amster & Glasman, 1965). Satiation 
was observed under satiating conditions 
for words while consistent generation 
was observed under the other conditions 
mainly for meaningless materials. In an 
experiment by Jakobovits and Lambert 
(1964) generation or consistent genera- 
tion was found for objects while con- 
notative satiation was found for their 
corresponding names. 

It would seem reasonable to view the 
effects of frequency on connotation as 
falling on a continuum. For example, 
one possibility is that for meaning- 
less materials, consistent generation in- 
creases with frequency up to a point, 
but it tapers off and reverses to satia- 
tion beyond that point. However, the 
placing of generation and satiation on 
a continuum awaits the investigation of 
the two phenomena under parallel con- 
ditions and through a sufficient range 
of frequency to allow the demonstration 
of both. In future research it would be 
desirable to use initial stimulus value 
as a variable, to use different scales for 
each dimension, and to use a wide 
variety of different words. If control 
words are employed, their character- 
istics relative to the other words such 
as length, meaningfulness, pronunci- 
ability, and rated level of connotation 
should be taken into account. 

In sum, connotative satiation has been 
repeatedly demonstrated (e.g., Kanungo, 
Lamber, & Mauer, 1962; Lambert & 
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Jakobovits, 1960; Messer et al., 1964). 
Doubtful support has also been re- 
ported (Floyd, 1962; Hodge & Battig®) 
while results inconsistent with the 
postulation of satiation for all scales 
have been reported in only one 
study (Yelen & Schulz, 1963). Their 
demonstration of consistent differences 
among scales with respect to the tend- 
ency for satiation to occur has been 
found reliable (Hodge & Battig’), 
but their finding that generation occurs 
In generation scales when conditions 
should promote satiation, was not repli- 
cated (Hodge & Battig *). However, 
on the basis of the one replicated 
study (Yelen & Schulz, 1963) the pos- 
sibility remains that generation or con- 
sistent generation does occur for some 
scales under satiating conditions, and it 
1S quite possible that whether a scale 
yields satiation or generation, depends 
on the initial values of the words on 
the scales. The procedures of Yelen and 
Schulz (1963) and Hodge and Battig © 
‘© not permit separation of genera- 
tion and consistent generation. Gen- 
eration has been observed among one 
type of bilinguals in a somewhat differ- 
ent situation from those reported in this 
Section (Jakobovits & Lambert 1961) 
while consistent generation has heeri ob- 
Served as a more general phenomenon. 
Consistent generation occurs primarily 
m meaningless items, on certain scales 
and when assorted items are interspersed 
ae repetition (Amster & Glasman, 
he ; Johnson et al., 1960). It may 
A occur for words when the rate of 
oe is low (Hodge & Battig *). 
ion order to draw definitive conclu- 
el oncerning the relationship be- 
ean Satiation and generation, new 
Tue S should sample stimulus 
studied n each dimension which is 
values a S mentioned earlier, these 
sed ould be symmetrical about the 
are bet Point or about points which 
cing studied. The most practical 


procedure involves using different words 
to represent each scale since it is al- 
most impossible to control the values 
of a set of words on several different 
scales at the same time. In addition, it 
is particularly critical that the particu- 
lar selection of stimulus words be varied 
in view of the fact that the same words 
have been repeated in all too many ex- 
periments. Characteristics of the words 
(e.g., part of speech, word length, con- 
creteness, etc.) should be controlled or 
studied since they may affect the sus- 
ceptibility of the words to semantic 
satiation (Wertheimer & Gillis, 1958), 
and the sequence in which the words 
are presented should be completely 
counterbalanced. Both measures of con- 
notative change, polarity and mean dif- 
ference, must be employed in order to 
determine the existence of the two types 
of generation, unless the words are ex- 
perimentally preselected on some basis 
which will permit determination of sa- 
tiation and generation from the mean 
difference measure. In addition, results 
from the various scales should be pre- 
sented separately since scales may vary 
in the rate with which changes occur 
and in their relevance to the meaning 
of the particular words employed. 


ASSOCIATIVE SATIATION 


Several studies indicate that con- 
tinued elicitation of a word leads to 
changes in the associations given to 
that word. Employing a subjective cri- 
terion of satiation in which the subject 
terminated the satiation period by his 
report that loss of meaning had oc- 
curred, Smith and Raygor (1956) found 
that following prolonged visual exposure 
to a word, word-association responses 
were more rare than those following 
brief exposure. A similar effect has also 
been demonstrated by a cross-satiation 
procedure (Fillenbaum, 1963), which 
involves measurement of satiation fol- 
lowing repetition of a synonym. The 
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main result (Fillenbaum, 1963) con- 
sistent through five experiments, was 
that synonym-satiated words evoked as- 
sociations which were less frequent than 
either associations to self-satiated words 
or control words which were satiated on 
irrelevant words. With one exception 
the differences between  self-satiated 
words and control words were consid- 
erably smaller and less reliable than the 
differences between either of these and 
the synonym-satiated words. The ex- 
ception involved repetition of a word 
for a very brief 4 seconds. In this case, 
self-satiated words yielded associations 
which were significantly more frequent 
than associations to control words. In 
two experiments, one, like Smith and 
Raygor (1956), employing a subjective 
termination of the period of satiation, 
and the other employing a criterion of 
a fixed number of responses, there was 
a clear trend for the self-satiated items 
to evoke associations which were less 
common than the control items. In two 
experiments involving repetition of a 
word for 1 minute and 3 minutes, re- 
spectively, the differences between self- 
satiated words and control words were 
small and not significant. In conclusion 
it appears that both synonym-satiation 
and self-satiation clearly result in a re- 
duction in the dominance characteristic 
of associative responses but the effects 
of synonym-satiation are larger and 
more readily demonstrable. 

Further support for associative satia- 
tion stems from the work of Kanungo 
and Lambert (1963a, 1963b) who found 
that reliably fewer relevant associations 
were evoked after continuous repetition. 
Since the number of irrelevant asso- 
ciations was increased in the satiation 
condition, the total number of associa- 
tions was not simultaneously reduced by 
continuous repetition. Indirect support 
for associative satiation derives from a 
study (Jakobovits, 1962) of the effect 
of the satiating treatment on verbal 


concepts which are required for form- 
ing a concept in a subsequent task. 
Compared with control subjects, those 
to whom the satiating treatment was 
administered made more atypical classi- 
fications in the later task. k 

To evaluate the theoretical proposi- 
tion that semantic satiation is a cog- 
nitive form of reactive inhibition many 
cognitive effects of satiation have been 
studied. Some of these studies which 
have been described in a more detailed 
review of this topic (Lambert & Ja- 
kobovits °), will be briefly mentioned 
in this section. No attempt is made to 
evaluate their methodology. g 

The effectiveness of a potential medi- 
ator was hypothesized (Jakobovits & 
Lambert, 1962a) and found to be re- 
duced by prior satiation. As materials 
for a paired-associate learning task they 
used word pairs for which there was 4 
potential verbal mediator. For example, 
soldier is a potential mediator for the 
word pair ARMY-SAILOR, It was found 
that paired-associate learning was hin- 
dered by satiation of the potential ver- 
bal mediators. The satiating treatment 
has also been shown to produce & 
decrement in paired-associate learning 
(Kanungo, Lambert, & Mauer, 1962). 
In addition, for highly meaningful 
words, the decrement in learning occurs 
when either the S or the R terms are 
satiated, but for low meaningful words 
the decrement only occurs when the S 
term is satiated (Kanungo & Lambert, 
1963a, 1963b). For recall, a decrement 
occurs only after satiation of the S term 
(Kanungo, Lambert, & Mauer, 1962). 
It has also been found, that satiation 
of one of the numbers to be added, 
lengthened the time required to add 
the numbers (Jakobovits & Lambert, 
1962b). In this case, satiation of part 
of a stimulus interfered with the pro- 
duction of a habitual response. 

The notion that mediational processes 
are inhibited through satiation was 
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studied in bilinguals by Jakobovits and 
Lambert (1961). Among the bilinguals 
who were assumed to have a unitary 
mediational process for the two lan- 
guages, repetition of words in one lan- 
guage induced satiation in the equiva- 
lent word in the alternate language. 
However, among bilinguals who were 
assumed to have separate mediational 
Processes, generation seemed to be in- 
duced by the same procedure of cross- 
satiation. In another interesting study 
of mediation (Miller, 1963), activity 
relevant to the meaning of the repeated 
word, for example, PUSH, PULL, was in- 
troduced. It was hypothesized that ac- 
companying repetition with activity 
consonant with the meaning of the word 
would stimulate the mediational process. 
Accordingly, such activity has been 
found to retard satiation (Miller, 1963). 


INTERPRETATIONS OF CONNOTATIVE 
SATIATION AND GENERATION 


There are three interpretations which 
will be described 


e valid. The distinction between con- 
notati: 


tion i 
cussi 
type 
Conditions, be 


Learning Interpretation 


iiig to the learning or counter- 
T loning interpretation (Kanungo 
i, ea 1963a, 1963b), a tendency 
dee ned for the repeated word to be- 
won associated with itself and thus to 
ere with established stimulus-re- 


sI p 

maS ecomnections. Accordingly, one 
>. CXPect that the = 

sociation poe number of as. 


ted by a Particular re- 


peated word might begin to decline 
after a few repetitions, but only relevant 
associations do in fact decrease (Kan- 
ungo & Lambert, 1963a, 1963b). How- 
ever, as we have seen, there is consider- 
able evidence to support the theory 
that the common associates are in- 
hibited through satiation (Fillenbaum, 
1963; Kanungo & Lambert, 1963a, 
1963b; Smith & Raygor, 1956). In 
addition to evidence for associative 
satiation, generation is expected in that 
the associations to a word would be- 
come increasingly available when the 
word is first presented and before it 
becomes substituted for other associa- 
tions. Evidence for associative genera- 
tion after a brief exposure supports this 
(Fillenbaum, 1963). Moreover, most of 
the evidence for cognitive effects of 
satiation reviewed in the preceding sec- 
tion strongly support the learning inter- 
pretation, 

To extend the learning interpretation 
to account for connotative satiation, it 
is reasonable to assume that the con- 
notation of a word depends on the as- 
sociations it evokes. It is known that 
there is a high correlation between the 
connotation of a word and the connota- 
tion of its associates (Staats & Staats, 
1959b). The dependence of connota- 
tion on associations may be related 
to the fact that the connotational scale 
terms are associates of the particular 
word (Bousfield, 1961), or there may 
be generalization of connotative re- 
sponses from word associates to the 
word itself. In any case, if richness of 
connotation is dependent on the number 
of associations produced, one would ex- 
pect connotation to be richer at the 
outset and to decline with frequency of 
repetition or exposure. This is attested 
to by the possible evidence for genera- 
tion with short exposures of the stim- 
ulus (Hodge & Battig®) and the 
evidence for connotative satiation (e.g., 
Lambert & Jakobovits, 1960). In ad- 


282 HARRIETT AMSTER 


dition, if the connotation of a word de- 
pends on the connotations of particular 
word associates, words which have pre- 
dominantly positive associates would be 
judged increasingly more positive with 
increased frequency of usage in contexts 
in which associates continue to be 
elicited. Since more words are positive 
than negative in evaluative connotation 
(Johnson et al., 1960), associates 
should, on the average, be positive. 
Thus evaluative connotation should and 
does increase up to a point with repeti- 
tion when the situation does not promote 
the substitution of the word for its word 
associates (Amster & Glasman, 1965; 
Johnson et al., 1960). It may be noted 
that in these experiments the procedure 
differed from the satiating procedure in 
that words were interspersed during 
repetition. 


Inhibition Interpretation 


Based on the work of Hull (1943) 
and Osgood (1953), satiation has been 
interpreted (Lambert & Jakobovits zy 
as a cognitive type of reactive in- 
hibition which is generated by the 
continuously repeated elicitation of the 
representational mediation responses as- 
sumed to be associated with the mean- 
ing of the repeated word. This reactive 
inhibition temporarily reduces the avail- 
ability of these representational mean- 
ing responses (Lambert & Jakobovits, 
1960). This interpretation was modified 
by Jakobovits (1962) who considered 
satiation a special case of extinction. 
According to both of these interpreta- 
tions, repetition of a word inhibits it 
and also the associative and connota- 
tive responses. This explanation thus 
accounts for the known facts of con- 
notative satiation, associative satiation, 
and its cognitive effects. In addition, it 
accounts for the generation facts if it is 

assumed that early in learning habit 
strength increases at a more rapid rate 
than reactive inhibition. An implica- 


tion of the inhibition interpretation is 
that connotative satiation should gen- 
eralize to semantically similar and as- 
sociated words. Although no support for 
this implication was obtained by Floyd 
(1962) for connotative satiation, some 
of the results by Fillenbaum (1963) in- 
volving associative satiation are consis- 
tent with it; namely, that satiation of 
synonyms was observed. 

The main difference between the 
learning and inhibition explanations is 
that in the former case satiation in- 
volves the facilitation of the response 
which matches the verbal stimulus and 
substitution of the word itself for the 
habitual responses to that stimulus, and 
in the latter case, it involves the inhibi- 
tion of the word. Only the latter ex- 
planation is compatible with the reduced 
availability of a satiated word during 
paired-associate learning (Kanungo, 
Lambert, & Mauer, 1962). Both learn- 
ing and inhibition could occur as part 
of the same explanation. For both ex- 
planations, connotative satiation and as- 
sociative satiation are results of the 


same inferred events and are thus in- 
terrelated. 


Adaptation-Level Interpretation 


A third interpretation of connota- 
tional changes which occur as a func- 
tion of frequency is based on the adap- 
tation-level formulation (Helson, 1947, 
1964) and is being applied mainly to 
connotative satiation and generation. 
This formulation provides that judg- 
ments are made with respect to internal 
norms, adaptation levels, which can be 
objectively and quantitatively specified. 
The value of these adaptation levels 
depends primarily on the values of all 
the stimuli in the situation and the 
stimulus being judged. Adaptation-level 
theory has been applied to a wide 
variety of stimuli (Helson, 1964) and 
was proposed to account for judgments 
of connotation in verbal stimuli by 
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Podell (1961). According to this formu- 
lation, when a stimulus in the absence 
of any context other than itself is 
Tepeated continuously, the adaptation 
level shifts gradually during repetition 
or exposure until it is equal to the value 
of the stimulus. Thus, objects viewed 
in the absence of context would gradu- 
ally appear neutral. For example, red 
objects viewed continuously in red il- 
lumination lose their redness and ap- 
Pear neutral. Similarly, a stimulus 
should tend increasingly to be judged 
as neutral on all dimensions of connota- 
tion as frequency of exposure in a uni- 
form Context is increased. An implica- 
tion of the theory is that repetition of 
different words having the same con- 
notation on a particular scale should 
have the same effect on that scale as 
repeating the same word because the 
Connotative contexts would be identical 
i both cases. Thus adaptation-level 
cory may adequately explain con- 
Notative satiation and this implication 
Points up the need to obtain appropriate 
=e words for satiation experiments." 
Aey, the irrelevant control word 
re be equal to the satiated word 
ditia connotative scales. Since this con- 
ae hn never be met except in the 
E rg Synonyms, it would be necessary 
eote satiation separately on each 
sta and employ a different set of sati- 
ed and control words for each scale. 
oan enough, connotative satiation 
occur for both the control and 
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level. However, when 
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f the connotation of NEGRO and away 


rom the 
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the experimental conditions with respect 
to the scale for which the two types of 
words were matched. However, con- 
notative satiation should obtain for the 
experimental words relative to the other 
scales and associative satiation should 
obtain only for the experimental words, 
according to this view. 

There is no doubt but that the con- 
notation of the context is an important 
determinant of the connotation of par- 
ticular verbal items. According to adap- 
tation-level theory the connotation of a 
word would tend to shift toward the 
connotations of the contextual words if 
it is on the same side of the neutral 
point as that set of words (Helson, 
1964). This phenomenon of assimila- 
tion would account for generation under 
certain conditions and for connotative 
changes during the acquisition of con- 
notative meaning. It has been clearly 
established that in addition to other 
aspects of meaning, words acquire the 
connotative meaning of words with 
which they have been systematically 
Presented (Staats & Staats, 1959a, 
1959b). The adaptation-level explana- 
tion may be considered as an auxiliary to 
those previously suggested (Staats & 
Staats, 1959a, 1959b). In contrast to 
assimilation, if the connotation of a 
word and a set of contextual words are 
on opposite sides of the neutral point, 
contrast should occur. Amster (1964) 
found evidence for verbal contrast under 
such conditions. In this experiment the 
connotation of the context affected both 
evaluative judgments and recall, but the 
two types of effects were mainly in- 
dependent. The adaptation-level formu- 
lation permits the possibility of relative 
independence of connotative and as- 
sociative changes. Although both types 
of meaning-change appear to occur 
under the same satiation conditions, it 
is possible that even here there may be 
independence. For example, Kanungo 
and Lambert (1963b) found no change 
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in connotative meaning for low mean- 
ingful items, but they did find cogni- 
tive effects of satiation for them. 
The fact that generation seems more 
likely to occur than satiation at low 
levels of practice may be explained by 
application of adaptation-level theory. 
We have assumed that adaptation takes 
place with repetition such that in time 
the value of the adaptation level ap- 
proaches the value of the repeated 
stimulus. Satiation is thus a special case 
of adaptation. However, we will now 
ignore the effects of continued repetition 
and consider the factors which affect the 
judgments after one repetition. Assum- 
ing that the original stimulus ratings 
were made with reference to an adapta- 
tion level which coincided with the 
conventional neutral point (AL), one 
can make approximations of the ratings 
of the stimulus from the knowledge of 
the mean of the stimuli in the set 
(AL2) and the value of the particular 
stimulus (S). For example, if AL» is 
above AL; and the stimulus is below 
AL; the rating of the stimulus should 
show an assimilation effect which in 
this case would be interpreted as genera- 
tion. Specifically, let AL; = 2, AL, = a, 
and S=1 on an abstract scale. Ac- 
cordingly, the original rating of S was 
1 unit less than AL}. After repetition, 
the AL becomes AL», and S is rated 2 
units less than AL. The S has thus be- 
come more distant from the neutral 
point. If, however, the stimulus was 
below AL,, and AL» was between AL; 
and the stimulus, a contrast effect should 
occur which would be called satiation. 
Let AL; = 3, AL: = 2, and S= 1. The 
original rating of S was 2 units below 
neutral, but the second rating was 
only 1 below neutral. Also, whether 
satiation or generation will occur would 
depend strongly on the magnitude of 
the original rating of S. It is more likely 
to be interpreted as satiation when the 
original rating is extreme. Consider a 


specific case: Let AL, = 4, S = 2, and 
AL;=1. The original rating would 
have shifted from 2 below to 1 above 
neutral. In this case, the contrast effect 
would be called satiation. Theoretically, 
this state of affairs should occur at the 
outset of repetition and should decrease 
with repetition or repeated exposure. 
These considerations should pertain to 
both control and experimental conditions. 
Ideally, differences between control and 
experimental groups would be attributed 
to the repetition of the critical stimulus 
in the experimental group. However, 
unless the control words are perfectly 
matched with the experimental words, 
at the second presentation of a par- 
ticular stimulus, the two groups would 
differ with respect to the values of the 
stimuli which have been in the prior 
context and determine the adaptation 
level. Thus, the fact that generation 
appears to occur at low levels of prac- 
tice, at slow rates of repetition, and for 
certain scales, even under control con- 
ditions, is consistent with this formula- 
tion. 

That consistent generation occurs 
mainly for meaningless but not mean- 
ingful words (Amster & Glasman, 1965) 
is consistent with the adaptation-level 
formulation, Since the total frequency 
of the stimulus in the history of the 
subject would be so much smaller in the 
case of meaningless materials, they 
would be expected to undergo larger 
changes in connotation with relatively 
small amounts of repetition. The 0C- 
currence of consistent generation may 
be explained with the aid of additional 
hypotheses. For example, it is believed 
that increased familiarity is itself 4 
source of positive value (Postman, 
1953) and this in turn may even gen- 
eralize to other scales, Similarly, #7” 
creasing Pronunciability which occurs 
with repetition may also be a source 0 
value or pleasantness and might arouse 
other connotations. All of these factors 
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could contribute to the observed genera- 
tion in meaningful materials and an 
adaptation-leve] Prediction would be 
that continued repetition of the stimuli 
would lead to satiation on all scales 
including those on which the generation 
had occurred. 

Adaptation-level theory suggests a 
number of hypotheses which might ex- 
Plain the fact that satiation has been 
found to occur for some scales of mean- 
Ing and not for others. The first is that 
when stimuli have extreme values on 
Certain scales, more time is required for 
adaptation to occur than when the 
Values are less extreme, However, the 
nature of the function might be such 
that greater amounts of change would 
Occur at the outset and the rate would 
taper off with increased repetition. 
Consequently, a shift toward satiation 
which is a particular instance of adapta- 
tion should be more readily observed in 


rs the outset, Second, the rate of adap- 
ation to a word on a scale might de- 
Pend on the relevance of that scale to 


.Y evoke responses which will gen- 
ome e scale terms, it is likely 
ni aptation may be slow or non- 

Stent. The third Is consistent with 
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hypothesis is somewhat speculative, but 
deserves serious consideration. It con- 
cerns the possibility that there is inter- 
action between the values of a stimulus 
on various scales, such that the fact 
that a word has an extreme value on 
one scale might effect the rate of adap- 
tation on other scales for which the 
values might be less extreme. Similarly, 
the values of other words on one scale 
might affect the value of the particular 
word on a given scale. This implies 
that the various adaptation levels would 
interact, 

Associative satiation is also compa- 
tible with adaptation-level theory, and 
one may conveniently invoke the cogni- 
tive inhibition interpretation in order 
to develop a complete explanation of 
the phenomena of satiation. However, 
when adaptation level is employed as 
part of the explanation, connotative 
shifts are not a necessary condition for 
associative changes. If the control words 
are properly matched with the experi- 
mental words, connotative satiation 
would be observed for both groups but 
associative satiation would only be ob- 
served for the experimental group. The 
Correspondence between the connota- 
tive and associative changes is yet to be 
observed in situations involving a va- 
riety of verbal contexts. Undoubtedly, 
the meaning of the context, the con- 
tiguity between the word and the con- 
textual words, and the relative numbers 
of contextual and critical words, are 
all crucial variables in determining the 
effects of repetition on the meaning of 
a verbal item, and much experimental 
work on these variables remains to be 
done. Moreover, the relationship be- 
tween connotative and associative ef- 
fects may be more complex than has 
Previously been assumed, 
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TO PAIN: A CRITIQUE” 
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A note on the paper by Sternbach to correct the statement attributed 
to Schneider that the latter considers the syndrome of indifference to 
pain a defense mechanism, which, in fact, was not the case. A distinc- 
tion is made between syndrome and defense. A summary of the neuro- 
pathologic findings on one of Schneider's cases is presented. Since these 
findings were equivocal in pathologic significance and thus inconclusive, 
an explanation of the anomaly on the basis of neural deficit remains as 
hypothetical as those based upon psychological factors. Sternbach’s con- 
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A footnote to Sternbach’s (1963) 
Tecent paper on insensitivity to pain 
reads: “Schneider (1962) considers the 
Syndrome a defense mechanism [p. 
246]. Since I have no wish to be mis- 
quoted, and even less to be misunder- 
Stood, a Correction to this footnote is 
mM order, The reader is referred to the 
original article in question (Schneider, 

and to the subsequent exchange 
of letters between Sternbach and 

uarton (1963) and Schneider (1963). 
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ew a result. Sternbach and Quar- 
linen ) also failed to make this dis- 

~ m an earlier communication. 
T Sternbach’s Privilege not to 
Oa Psychological explanation 


tion that pain is not a necessary component in normal 
Personality development is felt to be 


hardly adequate at this time to descri 


Premature, since the evidence is 
be how the absence of pain may 


of indifference to pain. He has made a 
valuable contribution by underlining 
the heterogeneity of cases in the litera- 
ture, and he clearly has his own explan- 
atory construct for the syndrome, that 
is, that there are several types of in- 
sensitivity to pain resulting from some 
sort of neural deficit. Variations in the 
nature and/or locus of this deficit would 
presumably account for the heteroge- 
neity which he noted. 

Of further interest in this regard is 
Magee’s recent report of neuropatho- 
logic findings on one of the cases dis- 
cussed by Magee, Schneider, and Rosen- 
zweig (1961) and by Schneider (1962). 
Magee (1963) states, 


The only possible abnormality detected in 
this entire series [of pathological sections] 
throughout the basal ganglia, internal capsule, 
and thalamus was slight pallor suggesting 
diminished myelination in the rostral portion 
of the subcallosal fasciculus [p. 637]. 


He cautiously labels this finding equiv- 
ocal in its pathological significance and 
concludes that the neuropathologic 
studies 


failed to demonstrate any obvious anatomic 
defect to account for the clinical features 
of the disorder [p. 639]. 
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He suggests that there may be un- 
developed connecting fibres from the 
frontal cortex to the subcallosal fascic- 
ulus, but that these cannot be detected 
since they would form only a small 
group traversing the main mass of white 
matter in the cortex, which would ob- 
scure them. Magee correctly observes 
that neither of the inconclusive necrop- 
sies reported (Baxter & Olszewski, 1960; 
Magee, 1963) rules out the presence of 
some anatomic substrate which might 
account for the syndrome, but at 
this time the neural defect idea also 
remains a hypothesis. We have still 
not determined what, or how many 
things, may be responsible for what is 
observed clinically, and there is reason 
to encourage several approaches to the 
problem. 


Sternbach (1963) minimizes the pos- 
sibility of any psychogenetic or even 
psychological factors in pain indifference 
and he concludes his paper with a state- 
ment that seems dubious to this writer: 


As is to be expected, the ability to survive is 
seriously impaired [in persons with pain in- 
sensitivity] and depends in large measure on 
their ability to utilize other sensory cues of 
actual or potential tissue damage. Personality, 
however, is rarely affected by this sensory 
deficit, and it is judged that pain is not a 
necessary component in its normal develop- 
ment [p. 262]. 


STANLEY F. SCHNEIDER 


It is difficult indeed to see how some- 
thing so necessary to the ability to sur- 
vive could be so lightly dismissed. It 
seems more appropriate to continue to 
examine How the sensory deficit may ef- 
fect personality and how it may be re- 
lated to abilities to use other cues to 
guarantee survival, rather than to focus 
upon the value judgment of whether the 
effects add up to something “normal” or 
“abnormal.” The few well-documented 
cases in the literature hardly permit a 


firm answer to even the first question 
at this time. 
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This review shows that res 
primarily led to blind 
of specific traits, 
theories show pr 
factors together 
stimulus variable 
for future res 
which sugges 


be important in draw 


earch on accuracy and assumed similarity has 
alleys thus far, but investigations of attribution 
differentiation, free descriptions, and implicit personality 
omise. Theories which attend to personality and social 
and research dealing with personality, situational, and 
S together are needed. The authors offer a framework 
earch which delineates Phases of the judging process and 
ts that cognitive control variables 
Prominent in selection of cues, motivational 


may be especially 
-interpersonal variables may 


ing inferences from cues, and situational variables 


may be salient in making a verbal report. 


_ The factors influencing the percep- 
tion of other people can be organized 
Into three sets of variables and the in- 
teractions among them: the attributes 
of the stimulus person, the nature of the 
interaction situation, and the character- 
\stics of the perceiver (Tagiuri, 1958a). 

1S paper will focus on the third set of 
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s are associated with 
chology and Psychi- 


variables, conceptualized as personality 
variables in the perceiver which influ- 
ence how he perceives others. Despite 
the generally held assumption that one’s 
perceptions of others are partially 
shaped by his own personal character- 
istics, it will be seen that there has been 
little research devoted directly to this 
topic and that contributions to the area 
have been scattered and unsystematized. 
This paper will review the few directly 
relevant studies, abstract pertinent find- 
ings and ideas from related areas, and 
present a framework for future research 
involving personality and person per- 
ception. R 

We will use the term personality to 
refer to the relatively enduring pattern- 
ing of a person’s dispositions to think, 
feel, and behave in certain ways. Such 
a broad definition almost covers the 
area of individual differences. Following 
Secord (1958), however, the term will 
not refer to cultural determinants of 
consensual perception of others but will 
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refer to differences among perceivers 
within a given culture. In line with cur- 
rent definitions of person perception 
(Tagiuri, 1958a), we will use this term 
to refer to attribution of psychological 
characteristics (e.g., traits, intentions, 
emotions) to other people—either by 
describing them or by making predic- 
tions of their subsequent behavior. This 
broad definition includes processes of 
inference which have often been classi- 
fied as cognition and apperception rather 
than as perception. Research on attri- 
bution of traits to people on projective 
tests such as the TAT will not be in- 
cluded. Although such research has some 
relevance for this area, the task or set 
in projective tests emphasizes imagina- 
tion and fantasy, while the studies re- 
viewed here involve a set to be accurate 
or realistic, which is presumably more 
relevant for understanding the ways in 
which people characteristically perceive 
others in real life situations, 


Accuracy 


The earliest experimental investiga- 
tions of how people differ in their attri- 
bution of personal characteristics to 
others were concerned with accuracy. 
Two comprehensive reviews of research 
done before 1954 on accuracy of per- 
ception (Bruner & Tagiuri, 1954; Taft, 
1955) make a comprehensive rereview 
here unnecessary. These reviews con- 
cluded that accuracy is positively cor- 
related with intellectual and social skills 
and adjustment. Cronbach’s (1955) in- 
cisive critique of accuracy scores, pub- 
lished at almost the same time, however, 
rendered these conclusions equivocal. 
Accuracy was typically measured by 
one of two methods, both of which have 
serious shortcomings. One method em- 

ployed a comparison between subjects’ 
redictions of how a stimulus person 
would fill out an inventory and how the 
person actually filled it out. This is a 
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task which involves the contamination 
of response sets and the influence of the 
unknown factors that mediate responses 
to an inventory, and is also a task which 
is of questionable relevance unless one 
is specifically interested in the ability to 
predict others’ modes of self-presenta- 
tion. The second method involved | a 
comparison between a subject’s descrip- 
tion of a stimulus person and the mean 
of all subjects’ descriptions of that per- 
son. Without even considering the ef- 
fect on the latter measure of biases held 
by other judges, the effect of regression 
to the mean is that the person with the 
highest accuracy score is the one who 
most accurately judges the average re- 
sponse of the group. Using either of 
these methods it is impossible to deter- 
mine the degree to which high accuracy 
reflects an accurate stereotype of the 
group judged or an ability to sense dif- 
ferences between others or both. 

These difficulties with criteria of ac- 
curacy have brought methodological ad- 
vances. Techniques have been developed 
which eliminate meaningless artifacts 
and response sets by using compari- 
sons between deviation scores instead of 
absolute scale values. Bronfenbrenner, 
Harding, and Gallwey (1958) have used 
correlations between deviation scores tO 
compare one subject’s ratings of a set 
of stimulus persons with the mean rat- 
ings of them by all subjects, while Car- 
son has used a correlation of deviation 
Scores across items to assess the accu- 
racy of a subject’s prediction of a stimu- 
lus person’s self-description.? Measures 
of differential and stereotype accuracy 
have been conceptually and methodo- 
logically separated (Bronfenbrenner et 
al., 1958; Sechrest & Jackson, 1961)-” 

2R. C. Carson, 
1963. 


3 Satisfactory measures of other aspects of 
accuracy less germane to the focus of this T€- 
view have also been developed—for example, 
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Results of these later studies suggest 
that the personality traits associated 
with stereotype and differential accu- 
racy are not the same. A relatively con- 
sistent finding has been that women high 
In stereotype accuracy are well liked, 
well socialized, and predictable (Bron- 
fenbrenner et al., 1958; Sechrest & 
Jackson, 1961). Consistent personality 
differences related to differential accu- 
Tacy have not yet been noted, possibly 
because of lack of consistency in meas- 
ures of differential accuracy. 

The often implicit assumption that 
accuracy is a trait which is relatively 
Stable Over a variety of persons, char- 
acteristics, and situations has recently 
been Put to test. The results are mixed 
(eg., Cline & Richards, 1960; Crow & 

ammond, 1957). What little individual 
Consistency has been shown is attribut- 
able to Stereotype accuracy. Chance and 
a (1960) used a technique for 

ying accuracy which assures some 
pie Over persons judged. Two 
mulus persons were selected who were 
at opposite extremes on the dimensions 
es, and the personality character- 
ioe ot judges, who were high in ac- 
con y for both stimulus persons, were 
gata with those who were low for 
ae ri Imulus persons. The results sug- 
ate at the more accurate person tends 
Bte peeing and sociable but little 
ona OP Setien about his interper- 
os enavior. Regarding differential 
esd however, the work of Bron- 
Sad hehe (1958) has demon- 
Subjects fr ferences between 
sexed per in judging opposite- 
persons and subjects accurate in 


agius (ose 
ee members? 
another and 
matchi; 
taken 


) measures of accuracy of 
Sociometric preferences for 
Ekman’s measures of ac- 
ng verbal statements and 
when the statements were 
- Ekman, Personal communica- 


judging same-sexed persons, thus clearly 
demonstrating one fallacy in assuming 
generality over stimulus persons. 

Despite attempts to refine measures 
of accuracy, one cannot, on the basis of 
current research evidence, be assured 
that people at one extreme on any per- 
sonality dimension are consistently more 
prone to perceive specific kinds of other 
people more accurately than are people 
at the other extreme. If one’s goal is 
to determine how personality relates to 
perception of others, investigations of 
accuracy will have to be supplemented 
by, or perhaps replaced by, studies of 
the components of accuracy and stud- 
ies of attribution of specific traits to 
others. Such specific investigations have 
emerged only recently, however, and 
preceding this development there was a 
search for another kind of generality in 
perception of others. 


ASSUMED SIMILARITY 


Growing out of Rogers’ (1951) self- 
concept theory and Fiedler’s early re- 
search (reviewed in Fiedler, 1958), a 
number of studies of assumed similarity 
appeared. It was proposed that some 
people (e.g., successful psychothera- 
pists, effective team leaders) assume 
that other people are similar to them- 
selves and thus attribute approximately 
the same traits to others as to them- 
selves. In another penetrating paper, 
however, Cronbach (1958) rendered 
many earlier conclusions equivocal by 
pointing out that assumed similarity 
scores confound many different compo- 
nents. In the first place, an overall as- 
sumed similarity score may combine 
judgments of several different trait di- 
mensions into a single score. Further- 
more, even with a single trait, similarity 
scores can be analyzed into five simpler 
mathematical components—the means 
and standard deviations of the two de- 
scriptions (self and other) and the re- 
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gression of one on the other. Cronbach 
pointed out that only after the monadic 
effects have been given separate consid- 
eration can one speak with any cer- 
tainty about the dyadic component— 
the regression or correlation component. 
A study by Altrocchi (1961) decisively 
supported Cronbach’s conclusions i by 
presenting differences in assumed simi- 
larity scores which were due to inter- 
group differences in self-description, 
with no evidence of differences in per- 
son perception. There is a consistent 
tendency for subjects to describe strang- 
ers favorably in psychological experi- 
ments and therefore anyone with a rela- 
tively favorable self-concept will seem 
to be assuming similarity. 

The statement of research results in 
terms of global tendencies such as accu- 
racy and assumed similarity may lead 
to confusion rather than to clarification. 
A case in point is a series of studies on 
authoritarianism, The principal conclu- 
sion of the first study was that non- 
authoritarians were more accurate than 
authoritarians (Scodel & Mussen, 1953). 
Later investigations, however, suggested 
that the results might be more parsi- 
moniously explained as differences in 
assumed similarity (Crockett & Mei- 
dinger, 1956; Scodel & Friedman, 
1956), but a subsequent study showed 
that these differences in assumed simi- 
larity were not consistent from one in- 
strument to another (Schulberg, 1961). 
While the authoritarian and nonauthori- 
tarian may not differ in their tendencies 
to be accurate or to assume similarity, 
these and other studies have consist- 

ently found that people who are high 
in authoritarianism tend to see others 
as more authoritarian than do non- 
authoritarians. These results point to 
the utility of a strategy in which indi- 
vidual differences in the attribution of 
particular traits are attended to in them- 
selves rather than being interpreted in 


terms of global variables such as accu- 
racy and assumed similarity. 


DIFFERENTIATION AMONG OTHERS 


Cronbach’s (1955) methodological 
suggestions and other recent contribu- 
tors to personality theory and research 
have emphasized the importance of the 
extent to which one forms a differenti- 
ated conceptualization of his social en- 
vironment (Bieri, 1961; Harvey, Hunt 
& Schroder, 1961; Witkin, Dyk, Fater- 
son, Goodenough, & Karp, 1962). Con- 
ceptually, differentiation refers to the 
tendency to make fine distinctions 
among people and thus to perceive them 
as different from one another. Op al 
tionally, it has been defined in severa 
ways, and little is known yet about the 
interrelationships among these meas- 
ures. It has often been defined as >a 
standard deviation of one’s judgment 0 
a number of people on a specified dimen- 
sion. When measured this way, differ- 
entiation has not been shown to be con- 
sistently related to personality traits, 
despite the fact that this measure 15 
somewhat consistent over dimensions 
judged (Rabin, 1962). Fiedler (1958) 
reported no significant correlations Þe- 
tween subjects’ scores on a number of 
personality tests and their tendencies tO 
differentiate in their descriptions of peo- 
ple best and least liked, while Koltuv 
(1960) found no relationship betwee? 
subjects’ tendencies to differentiate an” 
ratings of the social favorability of the! 
behavior made by peers, Ormont (1960) 
found no relationships between group 
therapy patients’ scores on Welsh’s AD 
iety scale and measures of their ten 
encies to differentiate in their Q so 
descriptions of other group therapy P% 
tients. 

Measures of adjustment and the tend- 
ency to differentiate have, however, bee 
shown to be related in two studies. O"- 
mont (1960) reported that group ther 
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apy patients who were classed as better 
adjusted tended to differentiate more in 
their descriptions of the other members 
of their therapy group than did patients 
who were more poorly adjusted. Rabin 
(1962) analyzed descriptions of diverse 
stimulus persons by adjusted and mal- 
adjusted subjects, using criteria for mal- 
adjustment which included whether or 
not subjects had ever sought help for 
emotional problems. Maladjusted sub- 
Jects had larger standard deviations in 
their judgments on each of four fac- 
torially determined dimensions of judg- 
ment. Such a result could be a function 
of increased random responding of mal- 
adjusted subjects.* Numerous procedural 
differences between the two studies 
might account for the seemingly dis- 
crepant results. These results, however, 
can be seen as supporting the plausible 
Proposition that differentiation increases 
and then decreases as one moves from 
extreme repressiveness to awareness of 
Personal shortcomings in self and others 
r severe disruption of personality func- 
Cs In support of such a proposi- 
diet Altrocchi (1961) demonstrated a 
gat tendency among normals for sen- 
ite to differentiate among others 
i ai repressors and he suggested 
ee this problem because of its 
Nei Ip to research demonstrating 

i general perceptual differences (e.g., 
tion rae Sarde, 1959, demonstra- 
levele ba eng atin tend to be 
task), eutral psychophysical 

One Problem 
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fying people into two distinct types as 
by making fine distinctions and dis- 
tributing people along the entire con- 
tinuum. Making extreme ratings and 
forming dichotomized judgments of 
others may be related to traits such as 
impulsivity and intolerance for am- 
biguity, while making fine distinctions 
among others and using a large num- 
ber of categories for evaluation may 
be more reflective of social sensitivity. 
Thus, use of a variance measure of dif- 
ferentiation requires attention to the 
exact contributions to high variance 
scores. New and refined dimensional 
procedures (Jackson, 1962; Jackson & 
Messick, 1963) will probably, in fact, 
prove much more adequate than the 
variance model for investigating differ- 
entiation. 

Other operational measures of differ- 
entiation seem to define it more spe- 
cifically as the tendency to emphasize 
differences among others and to see peo- 
ple as distinctly different from each 
other. There have, for instance, been a 
number of investigations of cognitive 
complexity, which is defined as the num- 
ber of independent dimensions which 
people characteristically utilize in de- 
scribing others on a modified Kelly 
Role Construct Repertory Test (Kelly, 
1955). A more differentiated conceptual 
system with a greater number of de- 
scriptive dimensions available would 
presumably allow for a more precise, 
unique description of other people. Peo- 
ple having a more differentiated or cog- 
nitively complex conceptual system have 
been shown to give more complex Ror- 
schach percepts, to be better able to 
predict how others will respond in a se- 
ries of social situations, and to be less 
likely to change their initial impressions 
of others after receiving contradictory 
information about them (cf. review 
by Bieri, 1961). Gardner and Schoen 
(1962) have criticized measures of cog- 
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nitive complexity as too indirect and too 
much influenced by verbal fluency and 
have shown that cognitive complexity is 
unrelated to their own measure of dif- 
ferentiation. Their measure, called con- 
ceptual differentiation, refers to the 
number of categories into which hetero- 
geneous stimulus objects are grouped. 
They have proposed that conceptual 
differentiation may optimally be viewed 
as a basic characteristic of cognitive or- 
ganization. Research is now in progress 
at the Menninger Foundation to deter- 
mine the relationship between concep- 
tual differentiation and measures of dif- 
ferentiation in social perception.’ The 
relationships between the different meas- 
ures of differentiation and cognitive 
complexity have yet to be clarified, but 
the present authors think that research 
in this area offers considerable promise 
for delineating individual differences in 
the perception of people. 


JUDGING on SPECIFIED DEscRIP- 
TIVE DIMENSIONS 


Some studies scattered throughout the 
psychological literature of the last 15 
years have focused on differences in how 
others are characteristically described 
on dimensions specified by the experi- 
menter. They can be grouped under 
four headings: favorability, hostility, 
dominance, and interactions between the 
traits of the judge and the traits of the 
stimulus person. 


Favorability 


The most prominent feature of any 
description of a person is the degree of 
favorability expressed. Factor analyses 
have consistently indicated that an 
evaluative factor accounts for the larg- 
est portion of variance in descriptions 
(Levy & Dugan, 1960; Osgood, Suci, & 
Tannenbaum, 1957). Regarding indi- 


5R. W. Gardner, personal communication, 
1963. 


vidual differences in general favorabil- 
ity toward others, maladjusted subjects 
(using a loose Rorschach criterion) 
have been shown to rate the “real” but 
not the “apparent” personality of the 
stimulus person less favorably than 
well-adjusted subjects (Matkom, 1963). 
Edwards (1959) showed that people 
who are more positive in their evalua- 
tion of others are also more positive in 
their self-descriptions. Studies testing 
Rogers’ (1951) notion, that the person 
who is accepting of himself is also likely 
to be more accepting of other people, 
have shown generally positive results as 
indicated by a variety of questionnaires 
exploring attitudes toward the self and 
others (e.g., Berger, 1952; Omwake, 
1954; Phillips, 1951; Suinn, 1961). 
Some of these findings, however, may 
readily be interpreted in terms of a re- 
sponse set specific to a certain measur- 
ing instrument. Furthermore, there has 
not been satisfactory support for Rog- 
ers’ hypothesis that an increase in one’s 
self-acceptance is a causal determinant 
of increased acceptance of others. It 
should also be pointed out that ac- 
ceptance of others is not the same as 
seeing them favorably. On the contrary, 
Rogers (1951) noted that the self-ac- 
cepting person will more readily recog- 
nize negative aspects of others when this 
is justified, since he will not be threat- 
ened and will not distort his perceptions 
in order to defend himself, Thus it is 
important to separate acceptance of 
others from esteem of others or favor- 
ability of one’s description of others, 
just as it is important to separate self- 
acceptance from self-esteem (Hatfield, 
1958). Finally, investigation of favor- 
ability needs to be focused on differ- 
ences in favorability of perceptions of 
particular types of stimulus persons as 
well as on the general tendency to de- 
scribe others favorably. 


Favorability of description of others 


et 
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should probably be high on a priority 
list of specific descriptive dimensions 
worth investigating since it is a promi- 
nent variable in descriptions of people 
and has strong implications for the type 
of interaction which one might be ex- 
pected to have with the persons de- 
scribed (Tagiuri, 1958b), especially if 
subjects are describing the real instead 
of the apparent personality of the stimu- 
lus person. Matkom’s (1963) subjects 
were evidently able to make this dis- 
tinction easily, and it might lessen sub- 
Jects’ tendency to say only blandly fa- 
vorable things about others. While there 
have been some careful investigations of 
situational factors and attributes of the 
stimulus person which lead to favor- 
able perceptions (e.g., Jones, Gergen, & 
Jones, 1963), there has been little work 
on the effects of perceiver variables and 
their interactions with these other fac- 
tors (cf. Jones & Daugherty, 1959). 


Hostility 


Leary (1957) reported that people 
who described themselves and were de- 
scribed by others as hostile tended to 
attribute considerable hostility to others, 
while people described as exceptionally 
friendly tended not to attribute hostil- 
ity to others. Berkowitz (1959) showed 
re anti-Semitic students, after being 
oe by a hostile experimenter, 
= ed to generalize their feelings and 
ahs others as more hostile than did 
a who scored low on anti-Semi- 
i Cohen ( 1956) found that college 
ea anes projection as their prin- 
va efense, after discussing with 
o TON a story related to some area 
a Osexual conflict, described their 
T i as more hostile when the part- 
"tate ere also projectors than did sub- 

Sane other defensive processes. 
Bie, es and stimulus persons 
i ed in all these studies, however, 

cannot be sure whether differences 


in the attribution of hostility were due 
to individual differences in the inter- 
pretation of essentially similar behavior 
or to differential influence of the sub- 
jects on the persons described. Cohen’s 
experiment, nevertheless, stands out in 
this research area thus far because of 
his theoretically derived attention to 
individual differences in subjects and 
stimulus persons and specification of the 
situation—in this case the presumed 
arousal of threat in the subjects. 

Other studies involving hostility neg- 
lected threat arousal but were based on 
clinical theories and research in percep- 
tion and personality (Eriksen, 1963) 
which suggest that the repressive person 
tends to fail to perceive negative attri- 
butes and hostile actions of others while 
certain other people are especially sen- 
sitive to such attributes. Altrocchi and 
Perlitsh (1963) compared the descrip- 
tions of classmates by student nurses 
who were classified on the basis of their 
use of characteristic defensive patterns. 
They found that people classed as ex- 
pressors, individuals characterized by 
their expression of impulses and lack of 
anxiety over this expression, were more 
likely to attribute hostility to others 
than were either sensitizers, people with 
high anxiety who rely heavily on obses- 
sive and intellectualizing defenses, or 
repressors, who primarily utilize de- 
fenses of denial and repression. A second 
study (Altrocchi, Shrauger, & McLeod, 
1964) provided more experimental con- 
trol but failed to confirm the earlier 
findings and found different results for 
male and female subjects. On the other 
hand, McDonald (1965), using the 
same instruments as Altrocchi and 
Perlitsh (1963) and studying 177 sin- 
gle pregnant females’ descriptions of 
self and parents, supported the Altroc- 
chi and Perlitsh and the Altrocchi, 
Shrauger, and McLeod predictions in 
a convincing fashion. Again, a primary 
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task in clarifying such results is separat- 
ing differences in perception from dif- 
ferential influence (provoked hostility). 
Secondly, there are many reasons to be- 
lieve that there may be major sex dif- 
ferences in the ramifications of various 
patterns of ego control in personality 
functioning and in the meaning of attri- 
bution of hostility, dominance, and other 
traits. Furthermore, experimental ma- 
nipulation of threat may be particularly 
important when classifying subjects by 
patterns of ego defense, since some of 
the differences in perception of others 
predicted by clinical theories may apply 
only in threatening situations which 
arouse ego defenses. Feshbach and his 
collaborators have been quite successful 
in arousing hostility (which would theo- 
retically be psychodynamically threat- 
ening to some subjects) by disparaging 
subjects and have demonstrated that un- 
der these conditions hostility is more 
likely to be attributed to persons simi- 
lar than to persons dissimilar to the 
subjects (Feshbach, Singer, & Feshbach, 
1963). Inclusion of perceiver personality 
variables would seem to be a useful ad- 
dition to such research and Feshbach’s 
techniques of arousal of hostility would 
seem to be a useful addition to studies 
of personality factors in perception of 
hostility in others. 


Dominance 


Early studies on attribution of domi- 
nance confront one again with the al- 
ternative explanations of differences in 
perception versus differential influence. 
Naboisek (1953) and Leary (1957) re- 
ported that autocratic, exploitive, domi- 
nant people described others as weaker 
than they were described to be by most 
people. Altrocchi (1959) and Smelser 
(1961), however, reported controlled 
studies in which there were no such dif- 
ferences in attribution of dominance. In 
Altrocchi’s study the subjects watched 


a movie of the stimulus persons in ac- 
tion, but in Smelser’s study the subjects 
and stimulus persons interacted with 
each other. While Smelser’s (1961) res 
port concludes that “The degree of domi- 
nance ascribed to the partner, relative 
to the subjects own dominance, is a 
function of the subject’s personal domi- 
nance [p. 540],” it is apparent that his 
was a dyadic frame of reference.* Ex- 
amination of his results shows no com- 
plementary attribution of dominance 
when attribution of dominance to others 
is kept separate from attribution of 
dominance to self. These results at least 
limit the generality of Naboisek’s and 
Leary’s observations and suggest that 
their results may have been due to 
Stronger affect arousal in the clinical 
settings they were using, or to differ- 
ential influence, or both, 

A recent paper by Bieri (1962) has 
increased the sophistication of research 
on attribution of dominance and hos- 
tility. He found that female subjects’ 
ratings of a male stimulus person on 
dominance were a linear function of the 
relative frequency of dominant and sub- 
missive behaviors of the stimulus per- 
son in the information provided by the 
experimenter, but male subjects’ ratings 
followed what appeared to be a step- 
wise function. The results for the love- 
hostility dimension were somewhat dif- 
ferent. These results suggest that dif- 
ferences in attribution of traits are a 
function of sex-related personality vari- 
ables in interaction with the type of be- 
havior judged and varying degrees of 
inconsistency in the stimulus behavior. 


Interactions between Traits of the Judge 
and Traits of the Stimulus Person 


While we have been considering dif- 
ferences in the descriptions of people in 


W. T. Smelser, personal communication, 
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` general, some differences in the attribu- 
tion of traits to others are evident only 
when particular kinds of other people 
are described. For example, men’s per- 
ceptions of their mothers have been 
shown to influence the sorts of charac- 
teristics which they ascribed to other 
women, but only for women described 


Personality traits such as racial preju- 
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people judge others along dimensions or 
on traits which the experimenter has 
specified. There is no guarantee, how- 
ever, that the dimensions in which the 
experimenter is interested are also those 
which people commonly utilize or can 
utilize in judging others. Much of the 
individual variability in descriptions 
may well be due to differences in the 
types of dimensions or traits which peo- 
ple spontaneously use in judging others. 
There have been a number of pleas for 
research to determine the salient dimen- 
sions typically used in evaluating others 
and to delineate how people differ in 
the dimensions which they employ 
(Beach & Wertheimer, 1961; Bruner & 
Tagiuri, 1954; Cronbach, 1958; Has- 
torf, Richardson, & Dornbusch, 1958; 
Tagiuri, 1958a). While it has been 
shown that own and experimenter-speci- 
fied traits provide reasonably compa- 
rable measures, cognitive complexity 
(Tripodi & Bieri, 1963), studies investi- 
gating subjects’ own spontaneous de- 
scriptions have also been shown to offer 
unique information about individual dif- 
ferences in person perception. 

Early and primary empirical atten- 
tion to analysis of subjects’ descriptions 
focused on the use of psychological 
as opposed to physical characteristics 
(Sarbin, 1954). The tendency to de- 
scribe others in external-physical in con- 
trast to internal-psychological terms has 
been interpreted as one aspect of the 
characteristic of field dependency (cf. 
review by Bieri, 1961) and has also 
been positively related to authoritarian- 
ism (Wilkins & deCharms, 1962). There 
is some evidence that people show con- 
sistent differences in whether they select 
Psychological or physical characteristics 
(Wolin, 1956), and there are sex dif- 
ferences in this respect. When classify- 
ing individuals into groups and when 
listing traits describing them, men have 
been found to focus more on descriptive 
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characteristics such as the color or types 
of clothing worn, height, and direction 
faced; while women have been found to 
be more prone to focus on inferential, 
psychological characteristics (Sarbin, 
1954). Sex differences occur when ex- 
tensive free descriptions are analyzed, 
but the descriptive versus inferential 
dichotomy seems to be an oversimplifi- 
cation (Beach & Wertheimer, 1961). 
The differences seem partially dependent 
on the sorts of people described and on 
the differential importance of the spe- 
cific behaviors in the male and female 
role. Studies with children indicate that 
boys tend to emphasize behavior asso- 
ciated with aggression, nonconformity, 
and physical recreation; while girls focus 
more on nurturant behavior, physical 
appearance, and social skills (Campbell 
& Radke-Yarrow, 1956; Hastorf, 1962). 
A recent investigation by Hastorf 
(1962), however, suggested that the 
matter is even more complicated. He 
demonstrated that if behavior relevant 
to a particular personality dimension is 
mentioned frequently in descriptions, 
the describer may be having trouble in 
his own adjustment with respect to that 
dimension. For example, children who 
are more dependent tend to emphasize 
information on generosity, giving aid, 
and needing aid in their descriptions. 
Boys who are not aggressive tend to 
mention aggressive behavior more often 
in their descriptions of others than do 
more aggressive boys. With girls, the 
differences are opposite; those who are 
rated as more aggressive tend to men- 
tion aggression more in describing others 
than do those who are not so aggressive. 
It would be hard to obtain such infor- 
mation if subjects were not allowed 
some freedom in describing others, Thus 
the suggestions that subjects be allowed 
to describe others in their own terms 


clearly have some merit. 
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IMPLICIT PERSONALITY THEORIES 


There is one further historical trend, 
and it comes last in this review because 
of the sophistication of some of the 
studies, even though it includes some 
of the earliest forays into personality 
factors in person perception (Secord & 
Muthard, 1955). This is the notion of 
implicit personality theory, first intro- 
duced by Bruner and Tagiuri (1954, P- 
649), elaborated and named by Cron- 
bach (1955), and centrally important 
in Kelly’s (1955) theory of personality. 
Cronbach suggested that perceivers dif- 
fer in: response biases toward rating 
consistently higher (or lower) on par- 
ticular traits, tendencies to make more 
extreme (or more central) ratings On 
certain traits, and tendencies to ass0- 
ciate particular traits with each other. 

Regarding the first tendency, previous 
sections of this paper have shown that 
under certain conditions different per- 
sonality groups tend to rate others 
higher or lower on particular traits 
(e.g., hostility), although this may se 
be a function of the particular types 0 
people described or the differential na- 
ture of the interaction with those de- 
scribed. Gross (1961) showed that con- 
sistent individual differences in the 
tendency to rate others as high or low 
on particular traits are small when 4 
heterogeneous set of stimulus persons 
are judged. She concluded that the con- 
cept of a umitary attitude toward the 
generalized other is too nonspecific tO 
be useful, so that such terms as implicit 
personality theory would be more Pre 
cise if used in the plural. Thus she sus” 
gested that the contribution of perso?” 
ality variables can be seen most cleatly 
in conjunction with specific situation 
and specified stimulus persons—an i" 
teractional recommendation which is # 
cornerstone of this review, 


The tendency to make more extrem? 


PERSONALITY OF THE PERCEIVER AND PERCEPTION 299 


ratings has been mentioned in the sec- 
tion on differentiation. There have, how- 
ever, been no investigations of differ- 
ences in the extent to which stimulus 
persons are distributed on relevant as 
Opposed to nonrelevant dimensions or of 
Personality-related differences in the ex- 
tremeness with which others are per- 
ceived on particular dimensions. 

The third aspect of implicit person- 
ality theory, patterns of perceived con- 
sistency in trait intercorrelations, has 
begun to receive exceptionally compe- 
tent research attention. Koltuy (1962) 
contributed a scholarly historical re- 
view of trait centrality and trait inter- 
Correlations, which renders a review un- 
necessary here. She suggested that lack 
of attention to the relevance of the traits 
for each individual may account for 
Gross’s (1961) finding that perceiver 
Predispositions account for little of the 
variance in person perception. Koltuv 
obtained the names of personally rele- 
vant and nonrelevant traits and the 
names of familiar and unfamiliar people 
or each of her subjects and then had 
De = these people on both kinds of 
T x er results strongly indicated the 
fy a of the correlational aspect 
mee personality theories by dem- 
4 dee that: each perceiver assumed 
thats m correlations to exist among 
he n ese correlations were greater 
aa A than familiar persons, 
Sonal lons were greater among per- 
ttaits y relevant than among nonrelevant 
not oe these intercorrelations were 
eva tate, a function of the overall 
fect) oc oop of the subject (halo 
tween sted e ogical connections be- 
i iographis a iw inten concluded that 
onstrate the he ysis is necessary to dem- 
tercorrelatic agnitude of individual in- 

ns which otherwise might be 


Ose 
“red by nomothetic analysis. 


st 
(1963) oo by Secord and Berscheid 


So demonstrated the general- 


ity of trait intercorrelations, showing 
that certain types of traits are perceived 
as highly intercorrelated not only in 
judgments of people in whom these 
traits are commonly thought to appear 
together, but in other people as well. 
Both Koltuv (1962) and Secord (1958) 
pointed out that it is unrealistic to as- 
sume that people apply their implicit 
personality theories indiscriminately in 
the judgment of all people. Having es- 
tablished the existence of consistent pat- 
terns of trait intercorrelations, it will be 
useful to investigate the determinants of 
differences in these patterns. Theoreti- 
cal models and statistical methods which 
can encompass the complexity of such 
multidimensional problems as analyzing 
different patterns of trait relationships 
for different kinds of subjects, situa- 
tions, and stimulus persons have been 
explicated and are available (Jackson, 
1962; Jackson & Messick, 1963; Tucker, 
1963). It is likely that use of such meth- 
ods will increase our understanding of 
person perception considerably. 


A FRAMEWORK FOR FUTURE 
RESEARCH 


The diversity of contributions, lack of 
organization, and variable usefulness of 
research dealing with personality vari- 
ables in person perception is apparent. 
In an attempt to provide some organiza- 
tion for the area and in order to suggest 
some potentially productive approaches 
for future research, an organized frame- 
work will be presented. It includes sug- 
gested personality variables, some pos- 
sible interactions between personality, 
situational, and perceptual variables, a 
delineation of phases of the judging 
process, and some general methodologi- 
cal recommendations. 


Personality Variables 


Neither personality theories nor em- 
pirical research thus far have clearly 
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ighted the independent personality 
Sie that might be most signifi- 
cantly related to person perception, but 
modern developments of interpersonal 
theory and perceptual-cognitive research 
based on modified psychoanalytic the- 
ory suggest the usefulness of two kinds 
of personality variables: multilevel in- 
terpersonal motives or traits and cog- 
nitive controls. 
Freud’s (1924) conceptualization of 
transference as a source of perceptual 
distortion in the psychoanalytic situa- 
tion, the extension of the concept by 
Fenichel (1945) and Sullivan (1948) 
to all types of interpersonal situations, 
and Sullivan’s (1948) conceptualization 
of parataxic distortion of and selective 
inattention to the anxiety-producing at- 
tributes of others led to Leary’s (1957) 
notions concerning the effect of person- 
ality on person perception. His and sub- 
sequent similar circumplex models (Foa, 
1961; Lorr & McNair, 1963) suggest 
the usefulness in interpersonal research 
of such personality variables as hostility, 
dominance, sociability, and combina- 
tions among them. Furthermore, Leary’s 
organization of these variables in a con- 
ception of levels of personality provides 
an organized way of studying the dy- 
namic role of possession of a trait by 
the perceiver and thus provides a ra- 
tionale and methodology for research of 
the kind reported by Hastorf (1962)— 
although Leary’s measures of the vari- 
ous levels leave much to be desired. 
Thus, for example, a person with con- 
siderable fantasy hostility who is seen 
by others as frequently hostile, but who 
does not conceive of himself as hostile, 
might be expected to attribute consid- 
erable hostility to others, especially un- 
der conditions involving strong affect 
such as anger or anxiety. Many similar 
hypotheses can be deduced. 
At the same time, we strongly concur 
with Gardner and his associates (Gard- 
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ner, Holzman, Klein, Linton, & Spence, 
1959, and many other publications ) and 
Jackson (1962) that consideration of 
motivational variables is not sufficient 
and should be supplemented by atten- 
tion to organizational dispositions of the 
individual, such as cognitive controls. 
For instance, as mentioned in a preced- 
ing section, by Jackson (1962), and 
Gardner and Schoen (1962), conceptual 
differentiation may relate to differentia- 
tion among others in person perception. 
It would be eminently sensible 10; GOr 
ordinate research in individual ai 
ences in person perception with researc 

concerning individual consistencies E 
cognitive or perceptual styles by use O 

such cognitive control principles as con- 
ceptual differentiation ( formerly equiva- 
lence range), leveling-sharpening, COn- 
stricted-flexible control, scanning, a 
field articulation (Gardner et al., en 
Messick & Fritzky, 1963; Witkin et al., 
1962). Separate assessment of oe 
controls and multilevel gsm 
traits would probably clarify some O 
the results obtained using complex sl 
binations of cognitive and motivationa 
variables such as authoritarianism and 
repressiveness. 


Personality-Situation Interactions 


Here is where a theoretical vacuum 
is most apparent. Our current teora 
deal with personality variables or socia 
(situational) variables but almost never 
both. Nevertheless, it is likely that some 
situational variables and some person- 
ality variables interact with each other 
in their effects on person perception. 
For instance, it is likely that subjects 
will differ considerably in their projec” 
tion of experimentally aroused anxiety 
(Singer & Feshbach, 1962) and, as im 
plied in earlier sections of this reviews 
a subject who does not admit hostility 
which is perceived by others in his Þe- 
havior and which is revealed in his fa" 
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tasy productions should be more likely 
to project experimentally aroused hos- 
tile affect (Feshbach et al., 1963). Fur- 
thermore, this suggests an important 
point, usually implicit but rarely ex- 
plicit in personality theories (e.g., Leary, 
1957): The presence of strong emotion 
may well be a necessary condition for 
the appearance of the effects of moti- 
vational (not cognitive) variables on 
person perception. As Secord, Backman, 
and Meredith (1962) have suggested, 
the Static notion that perceiver traits 
will have a simple relation to attribu- 
tion of traits to others is weak without 
attention to dynamic affective and role 
relations between the people involved. 
In our necessary attempts to provide 
rigor in the laboratory, it is easy to for- 
get that real interpersonal encounters 
often involve impressive feelings of af- 
fection, hostility, and fear. We must 
utilize ways of arousing such feelings in 
Da experiments or we must pay more 
esearch attention to nonlaboratory 
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son.’ More generally, developments in 
interpersonal theory (Foa, 1961; Leary, 
1957; Lorr & McNair, 1963) suggest 
the usefulness of such variables as hos- 
tility, dominance, and sociability as de- 
pendent as well as independent variables 
(cf. Bieri, 1962). The more such traits 
can be used in conjunction with specific 
interpersonal situations, the better. Fi- 
nally, triple interaction studies are quite 
feasible—what kinds of people describ- 
ing what kinds of other people in what 
situations—and will certainly be a nec- 
essary future step, although studies even 
approaching assessment of triple inter- 
action are rare (cf. Cohen, 1956; Jones 
& Daugherty, 1959). 

All of this leaves the perceptual-cog- 
nitive process rather global and unitary, 
however. Delineation of phases of the 
judging process may be useful to the 
general investigation of person percep- 
tion and specifically useful in the pres- 
ent context by indicating how person- 
ality variables may contribute differ- 
ently in the different phases. While the 
process of forming an impression may 
be perceived as an immediate, unitary 
phenomenon, this process can be use- 
fully conceptualized as consisting of 
three phases: selecting cues, drawing 
inferences about personal characteristics 
from these cues, and translating one’s 
impressions into an overt verbal re- 
sponse. The distinction between the first 
two phases is similar to distinctions 
made by Jones and Thibaut (1958), 
Secord (1958), and Bieri (1962). 

Selection of Cues. A major factor 
limiting the ability to generalize to per- 
son perception from research on per- 
ception of ambiguous stimuli (Eriksen, 
1963) is the complexity of a person as 
a stimulus object. Even a photograph 
presents so much sensory data that it is 
extremely difficult to assimilate all the 
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resented. Therefore, an important 
ome of individual variability in the 
judgment process may well be differ- 
ences in cues chosen as bases for judg- 
ments. Selection can occur in studies in 
which the person judged is not actually 
observed by the judges, but the data 
about him are presented in the form of 
brief vignettes or descriptions of his 
personal attributes. One could investi- 
gate selection in this situation by ana- 
lyzing what information is recalled when 
the stimulus information is removed 
(Carlson, 1961). Culture places selec- 
tive emphasis on certain cues (Secord, 
1958), but there may well be consistent 
individual differences in the degree to 
which particular classes of cues such as 
tone of voice, movements of hands, 
content of verbalizations, or particular 
physiognomic features, for example, are 
utilized as determinants of descriptions. 
If such differences were demonstrated, 
they might well affect the psychological 
attributes ascribed to others, since par- 
ticular psychological characteristics tend 
to be inferred from particular physiog- 
nomic traits (e.g., Secord, Dukes, & 
Bevan, 1954). A recent exploratory 
foray in this area made by Exline 
(1963) showed that women focused 
visually on those with whom they in- 
teracted more than men did. This sug- 
gests a greater reliance by women on 
visual cues about the attributes of 
others. 

In an ingenious series of studies, Levy 
(1961a, 1961b, 1963) has demonstrated 
the potency of perceiver attributes and 
the relevance of adaptation, anchoring, 
dissipation, conditioning, and generali- 
zation in person perception and has pro- 
posed that the learning of dispositional 
responses is one mechanism by means 
f which many of the reported effects of 
personality variables might be produced. 

nceptualized that dispositional re- 
ae t alter what the person 
sponses do no 


sees (selection of cues), but alter the 
probabilities of how he interprets what 
he reports seeing (inference). From the 
arguments presented by Levy (1963) 
and Secord (1958) and from the evi- 
dence presented in this and the fol- 
lowing section, one would suspect that 
the kinds of personality variables most 
likely to affect selection of cues are cog- 
nitive controls or styles, while motiva- 
tional variables are more likely to af- 
fect inference. For some readers it may 
clarify communication to note that we 
are asserting that attribution of traits is 
probably influenced by secondary proc- 
ess as well as primary process variables. 
Furthermore, the two kinds of variables 
may interact. For instance, Klein (1954) 
Suggested that needs influence cognition 
less in people with flexible, as opposed 
to constricted, cognitive control. , 
Inference. The most basic form of in- 
ference occurs when some cue such as 
an inflection of the voice, a gesture, Or 
an eye movement is interpreted as sig- 
nifying some psychological feature of 
the person being described. For purposes 
of clarification, we shall refer to this as 
interpretive inference, The same cue, 
while equally attended to, may be seen 
by various people as implying very dif- 
ferent characteristics or it may be seen 
as reflecting nothing. One must then 
consider how many and what dimen- 
sions people typically have at their dis- 
posal for conceptualizing others’ behav- 
ior. The number of dimensions may 
relate to such cognitive controls as con- 
ceptual differentiation. Descriptive di- 
mensions must then þe classified in some 
way. The most frequently used classifi- 
cation of dimensions is the dichotomous 
distinction between Physical, external 
attributes as Opposed to internal, psy- 
chological characteristics, although it 
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1961; Hastorf, 1962). The type of clas- 
sification to be used is usually and most 
easily determined by the investigator’s 
theoretical preference, but it will prob- 
ably be useful to pay some attention to 
subjects’ own classifications too. 

If a particular sample of behavior is 
seen by a subject as relevant to some 
dimension of behavior, three factors 
may determine where the person is 
placed along the dimension in question. 
The first is the intensity of the behavior 
(Bieri, 1962). The second involves tem- 
poral extension (Secord, 1958)—one’s 
willingness to generalize broadly on the 
basis of limited information, to assume 
that action in a particular situation is 
characteristic of the individual’s typical 

ehavior in many situations. Although 
we have suggested that cognitive con- 
trols play a primary role in selection of 
Cues, they may also play a role in in- 
terpretive inference by influencing tem- 
Poral extension and associated factors 
such as stereotyping (Secord & Ber- 
Scheid, 1963), the halo effect, and over- 
estimations of consistency (Ichheiser, 
1949), Motivational variables probably 
Play a role here too, especially when the 
ae \ able is the same as the 
sia being judged. The third fac- 
the elevant to Interpretive inference is 
nature of the comparison standard 
eee which particular cues are evalu- 
: Se —people’s varied norms and expec- 
ley about behavior in a particular 
ie ation, In assessing the contribution 
this third factor, substantive and 
Methodological influences may become 
mae entangled. It is necessary to de- 
E ne whether consistent differences in 
anly he a dimension are artifacts, 
meast ecting differential use of the 
Nine ao instrument, or are differences 
X a Substantive bases. The problem 
a oe Sets is complex, but a first 
Pie step would simply be to see 


whether the same differences occur using 
parallel measuring instruments. 

Inference also takes place when a sub- 
ject is asked to rate a person on at- 
tributes about which he has no direct 
information (cf. Bieri, 1962). We will 
refer to this as extended inference, 
and it includes subjects’ implicit per- 
sonality theories. One would expect that 
most personality differences in trait in- 
terrelations would be found in magni- 
tude rather than direction of ratings be- 
cause of the evaluative connotations 
which most traits carry and a tendency 
to see others as consistently favorable or 
unfavorable. There has, however, been 
a demonstration of directional differ- 
ences in inference patterns, although 
the statistical significance of these dif- 
ferences was not determined. Jones 
(1954) found that persons presented as 
more democratic were judged by high 
authoritarians to be more undependable, 
rebellious, nonintrospective, harder to 
figure out, and more prone to act with- 
out thinking than persons presented as 
autocratic, while nonauthoritarians as- 
sociated those characteristics more with 
the autocratic person. Considerable in- 
dividual variability has also been shown 
in the types of attributes ascribed to 
others when seemingly inconsistent in- 
formation about the person to be de- 
scribed has been presented. The for- 
mation of integrated impressions from 
discrepant information is found more 
frequently with females, children with 
higher intelligence, middle-class as op- 
posed to lower-class children (Gollin, 
1958), and children rated by their peers 
as being higher in social effectiveness 
(Campbell & Yarrow, 1961). Steiner 
and Johnson (1963) have shown that 
authoritarians tend not to alter their 
favorable impressions of an individual 
when they receive moderately deroga- 
tory information about him. 

One study (Benedetti & Hill, 1960) 
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a that subjects’ own possession 
oper influenced their patterns of 
inferences about people varying in their 
possession of that trait. More extensive 
investigation indicated that these rela- 
tionships existed only for certain traits 
and differed for males and females 
(Benedetti, Morgan, & Bessemer, 1959). 
Secord et al. (1962) found no relation- 
ship between strength of a trait in a 
perceiver and the effect of that trait in 
the stimulus person on the pattern of 
inferences concerning other traits when 
liking and favorability were controlled. 
Their conclusions, however, from an 
otherwise well-designed study, rely en- 
tirely on the validity of the not yet 
validated Edwards Personal Preference 
Schedule (EPPS). Even if the EPPS 
were of demonstrated validity, though, 
such a one-level measure would not in- 
dicate the dynamic role of a trait in the 
personality (Leary, 1957). Much work 
remains to be done on individual differ- 
ences in extended inference patterns. 
The recent availability of multidimen- 
sional methods (Jackson, 1962; Jackson 
& Messick, 1963; Tucker, 1963) makes 
such research much more feasible. We 
predict that motivational interpersonal 
variables will be more significant than 
cognitive controls in such research. 

In most experimental studies of im- 
pression formation one would find it 
hard to decide whether differences in 
judgment were due primarily to indi- 
vidual differences in selection or infer- 
ence. They can, however, be uncon- 
founded to permit separate investiga- 
tion. Selection can be estimated by 
determining which cues, from a large 
amount of information about the other 
person, the judge could later remember. 
The judge would be required to inter- 
pret the information as little as possible 
and only to reproduce it (cf. Carlson, 
1961). In investigations of inference 
processes, on the other hand, one could 
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standardize stimuli and could condition 
such sets as the reversal response set 
(Levy, 1963), or one could present only 
a limited amount of information perti- 
nent to the judgment of one attribute 
and as neutral as possible (for people in 
general) with respect to those other at- 
tributes about which inferences are to be 
made. Thus, the least contaminated tests 
of the inference process would employ 
techniques similar to those used by Asc 
(1946) in which the information given 
consisted only of sets of traits. a 
of individual personality theories (Jack- 
son & Messick, 1963; Koltuv, 1962), 
however, demonstrate the usefulness 0 
analysis of individual rather than ae 
results, and such analyses would ced 
open the way for investigation of pel 
sonality variables (Jackson, 1962). i 
Verbal Report. The final phase of r 
judgment process is making some ver J 
report of one’s impressions. Individual 
variation in verbal report is shown n 
the candidness and completeness of one’s 
report of his subjective impressions. The 
most likely lack of candor is a tendency 
to give a more favorable description 
than one actually perceived. Again, it is 
difficult to separate verbal report from 
selection and inference, but this may 
be done by analyzing sequences of er 
sponses (Forrest & Lee, 1962), by using 
Projective devices and ratings of the 
subjects’ nonverbal behavior, by m- 
vestigating response variation as 2 
function of reward and punishment 
(Eriksen, 1963), and by manipulating 
the experimental conditions. One could, 
for instance, compare descriptions 0b- 
tained under conditions varying in the 
extent to which they aroused a social- 
desirability response set. One would €s- 
pect that variance in descriptions due 
to differences in reporting would be as- 
sociated more with situational factors 
operating at the time the report is made 
than with personality variables, but this, 
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like many problems suggested in this 
review, is an empirical problem about 
which we currently know almost nothing. 


General Methodological Recommenda- 
tions 


A few general recommendations may 
warrant emphasis: 

1. Differences in perception of others 
need to be separated from differences 
due to the effect of the perceiver as a 
social stimulus. This can be done by 
having subjects rate people they observe 
and also people with whom they interact 
under otherwise similar conditions. 

2. Many of the research problems in- 
volving personality factors in the per- 
ception of people are problems in re- 
Sponse sets, so that general response 
Sets need to be investigated rather than 
eliminated. The response sets that need 
a be controlled or eliminated are those 

at are specific to a measuring instru- 
ment. 

3. Evidence repeatedly shows that sex 
r erences are crucial in this area and 
ust be taken into account in research 
and in theory, 
Ma This review has not focused on the 
aor presentation of the stimulus 
i = , but this may be an important 
shat e. For instance, Secord and Ber- 
Sc ri na have suggested that mak- 
veba erences about verbal traits from 
cue traits is less susceptible to 


Derceiver affi i i 
graphs. ect than is rating photo- 


di 


ane Te Sanne with Jackson and Mes- 

full ung 3) that, for an accurate and 

research ns of person perception, 

en ae and measurements 
i ithfully represent the complexity 

shows, om pnd, as this review has 
» e complexity is considerable. 


CONCLUSIONS 


Alth ; 
ables ough focusing on personality vari- 


a maj S Mge 
> à Major message of this review is 


that progress will most efficiently occur 
with attention to specific problems in- 
volving interactions among personality, 
situational, and perception variables. 
This is a formidable task, but surely 
not too formidable for psychologists in 
the age of computer technology. 

Increased understanding of person- 
ality variables as they affect person per- 
ception can provide a link integrating 
intraindividual and interpersonal proc- 
esses. Subtleties of the impression proc- 
ess itself may be illuminated, consist- 
encies and seeming inconsistencies in 
overt behavior may be explained, and 
we should gain considerable understand- 
ing of how self-concepts and personality 
dispositions may be supported and 
maintained by selective attention to spe- 
cific cues and idiosyncratic patterns of 
inference about others. To adapt a 
phrase still familiar from our recent 
history, it may be that one of the best 
ways in which processes of person per- 
ception are revealed is through analyz- 
ing the way different types of people 
perceive others and one of the best 
ways in which personality is revealed is 
through perception of others. 
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THE INTERRUPTION OF TASKS: 


METHODOLOGICAL, FACTUAL, AND THEORETICAL ISSUES + 


EARL C. BUTTERFIELD 


Yale University 


After describing the criterion scores which have been used to assess be- 
havior in the interrupted task paradigm (ITP), a summary of the re- 
search literature is presented. ITP as a source of data for evaluating the 
psychoanalytic theory of repression is found not to allow for the sepa- 
ration of learning and retention effects, and so is not well suited to the 
study of repression. Similarly, the mediation-avoidance hypothesis makes 
predictions only concerning interrupted task recall and while it is par- 
tially consistent with indirect data, it has yet to receive direct experi- 
mental test. The need-achievement conception predicts interrupted task 
recall satisfactorily but is inapplicable to completed task recall or rela- 
tive recall scores. Finally ITP is considered as a source of data for a 
developmental conception of success-failure reactions. Repetition choice 
scores are found to be consistent with the developmental theory, but 


some recall results are not. 


In the interrupted task paradigm 
(ITP) the subject (S) is BE ina 
number of tasks some of which he is 
allowed to complete and some of which 
“0 interrupted before he completes 

em. Zeigarnik (1927) first introduced 

as a test of the prediction from 

ion gestalt theory of motivation that 
errupted tasks should be recalled 
more frequently than completed tasks. 
ro findings supported this prediction 
© ìs known to this day as the 
€lgarnik effect, However, ITP encom- 
ay more than just the Zeigarnik 
$ o even the recall of tasks. In the 
rn the Zeigarnik effect is far 
> eng the invariable result in ITP. 
iia more completed than in- 
ompleted tasks are recalled (e.g., At- 


Ins 
ae 1953). In the second place, 
uring the relative recall of com- 
1 Thi i si 
dissertati I ls a revision of part of a 


n submitted in partial fulfillment 

quirements for the degree of Doctor 

$ ay at George Peabody College. At 

Supported of this revision the author was 

from the ‘ie Research Grant MH-06809 

United - ational Institute of Mental Health, 
tates Public Health Service. 


the re 
of Philos, 


pleted and incompleted activities is not 
the only way to assess behavior in ITP. 
For example, ITP may be assessed by 
having S choose which task he would 
like to repeat (e.g., Rosenzweig, 1933, 
1945). Finally, and most important, 
ITP has assumed a much wider theoret- 
ical significance than just being a test 
of a derivation from gestalt theory. 
(The reader who is interested in ITP as 
a source of evidence for the differential 
utility of gestalt and stimulus-response 
theory should see Osgood, 1951.) It has 
been used to test the psychoanalytic 
theory of repression (Rosenzweig, 1938), 
a mediation-avoidance hypothesis of 
personality functioning (Inglis, 1961), 
the achievement-motive conceptions of 
McClelland, Atkinson, Clark, and Lowell 
(1953), and a developmental theory of 
success-failure conceptualization (Crom- 
well, 1963). Indeed, ITP has become 
one of those instances in the history of 
psychology when a single technique has 
been used to test several theoretical 
issues. Therefore, the methodological 
and theoretical issues involved and the 
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factual findings with ITP deserve 
elucidation. 

Because there has been a great deal 
of inconsistency and circularity in the 
interpretation of findings with ITP 
(Alper, 1952; Glixman, 1948; Osgood, 
1951), this review first summarizes the 
functional relationships found with ITP 
and then considers the theoretical issues 
which have grown out of these findings. 


ITP CRITERION SCORES 


The empirical findings from ITP can 
most readily be grasped by grouping 
them according to criterion scores. It 
will subsequently be seen that such a 
grouping also clarifies the theoretical 
issues. The criterion scores used in ITP 
studies fall naturally into three groups. 
This grouping excludes studies which 
have used as their criterion scores either 
the relative rate of Spontaneous resump- 
tion of incompleted and completed 
tasks (Henle, 1942; Nowlis, 1941; 
Rickers-Ovsiankina, 1937) or attractive- 
ness ratings (Cartwright, 1942; Geb- 
hardt, 1948) because there are so few 
of them and because the factors which 
determine spontaneous resumption seem 
so numerous and so poorly understood. 

One group of criterion scores which 
is concerned with recall of ITP tasks 
keeps the recall of incompleted (I) and 
completed (C) tasks Separate. Thus, 
the measures are the number of Iorc 
tasks recalled (IR and CR, respec- 
tively). 

A second group of ITP criterion 
scores which is also concerned with task 

recall includes only those measures 
which reflect the relative recall of I and 
C tasks taken together. This group in- 
cludes the various recall differences and 
recall ratio scores. The recall difference 
scores are: IR-CR, CR-IR, and CR/C- 
IR/I. The recall ratio scores are: 


TR/CR, IR/I, and a variety of more 
CR/C 
complex and less interpretable ratios. 
The feature common to all relative 
recall scores is that changes in them 
may not be attributed to any particular 
change in either IR or CR mpeg 
(Glixman, 1948). An increase in a di z 
ference or ratio score may be due to: 
an increase in IR accompanied by no 
change in CR, a decrease in CR acs 
companied by no change in IR, an in- 
Crease in IR accompanied by a decrease 
in CR, an increase in IR accompanied 
by a smaller increase in CR, and a 
decrease in CR accompanied by a 
smaller decrease in IR. Likewise, the 
Opposite of these five conditions can 
lead to a decrease in relative recall 
score. Therefore, either an increase or 
a decrease in a recall ratio or difference 
Score may reflect an increase, ne 
change, or a decrease in IR or CR in- 
dividually, Furthermore, a relative re- 
call score may remain constant even 
when both IR and CR change. For 
these reasons, hypotheses concerned 
with change in either IR or CR alone 
must measure them directly rather than 
by relative recall scores. Also, any 
theoretical scheme which makes pre- 
dictions about only IR or CR cannot 
be tested by a study which employs 
only relative recall scores. Only when @ 
theory makes Predictions about rela- 
tive differences or ratios, or when it 
Predicts both IR and CR separately, 38 
a relative recall score appropriate to it. 
Even then the analysis of preference is 
one which does not use a relative recall 
Score. The preferred procedure is to use 
completion-incompletion as a dimension 
of the analysis, When completion-in- 
completion is used as a dimension of the 
analysis no information about either 
CR or IR is lost. Consequently, any 
relative recall effects, Which are mani- 
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fested as interactions involving the com- 
pletion-incompletion dimension, are im- 
mediately interpretable. That is, CR 
and IR are not obscured in this pro- 
cedure as they are in the calculation of 
relative recall scores. 

_ A third group of ITP criterion scores 
1S concerned with task repetition rather 
than task recall. Task repetition scores 
are secured by requiring S to choose to 
Tepeat one member of a pair of tasks, 
one of which he has previously com- 
Pleted and one of which he has previ- 
ously begun but not completed. In all 
but two investigations of repetition 
choice (RC) to date (Butterfield, 1963; 
Stedman, 1962), Ss have been given 
only two tasks, one of which was com- 
pleted and one of which was interrupted. 
Consequently, the only score used to 
measure RC has been some indication 
of whether S repeated the I or the C 
task, Therefore, no relative recall scores, 


Such as ratios and differences, have been 
employed. 


_ Investigators have typically used 


a recall or repetition-choice scores 
tonk any consideration of the rela- 
Sie ups between the two classes of 
Scores. This fact reflects an 
mone ishing lack of basic methodological 
iy ym ITP. Despite the long his- 
(1963) Tesearch with ITP, Butterfield 
amt was apparently the first to 
fice the Intercorrelations of the 
a š criterion scores which it yields. 
if Sig oes of this kind is essential 
in literature Is to be integrated. 
ar ie ueialiy; there has apparently 
reliabit Systematic investigation of the 
lity of the various ITP scores. 


Correrares OF THE VARIOUS ITP 
CRITERION SCORES 
R ana CR Taken Separately 


A x . 
montago stantial portion of the experi- 


ton with ITP has concerned the 


effects of instructions administered 
prior to task presentation. In practically 
all of these investigatons the instruc- 
tions have varied along a dimension 
which Alper (1946) characterized as 
task versus ego orientation and which 
Inglis (1961) characterized as stressful 
versus nonstressful. Under the ego or 
stress instruction, S is told that task 
completion or incompletion is a measure 
of his ability or intelligence. Under the 
task-oriented or nonstress instruction, 
S is told that task completion or incom- 
pletion is of secondary importance and 
that it has nothing to do with his ability 
or intelligence. In the present article 
this instructional dimension is referred 
to as neither an ego versus task-orienta- 
tion nor a stressful versus nonstressful 
continuum. It is referred to as a skill 
versus nonskill dimension because this 
latter label emphasizes the nature of 
the instructions rather than S’s hypo- 
thetical reaction to the instructions. 

The most striking thing about the 
various findings on the effects of skill 
instructions is their inconsistency. Skill 
instructions have been shown to in- 
crease (Atkinson, 1953), to have no 
effect upon (Alper, 1957; Atkinson & 
Raphelson, 1956; Eriksen, 1952a; Ken- 
dler, 1949; Rosenzweig, 1943), and to 
decrease IR (Alper, 1946; Caron & 
Wallach, 1957; Eriksen, 1952b, 1954; 
Glixman, 1949; Smock, 1956). Similarly 
with skill instructions, CR has been 
shown to decrease (Alper, 1946; Caron 
& Wallach, 1957; Kendler, 1949), to 
remain the same (Alper, 1957; Atkin- 
son, 1953, Atkinson & Raphelson, 1956; 
Eriksen, 1952b, 1954; Glixman, 1949; 
Rosenzweig, 1943; Smock, 1956), and 
to increase (Eriksen, 1952a). 

Several studies suggest that the in- 
consistent findings concerning the ef- 
fects of skill instructions upon IR and 
CR, particularly upon IR, may be due 
to differences in S variables between the 
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studies. Atkinson (1953) found that 
high need achievement (n Ach) Ss in- 
creased their recall of incompleted tasks 
while low n Ach Ss decreased their Te- 
call of incompleted tasks when instruc- 
tions were more skill oriented. Atkinson 
and Raphelson (1956) found no dif- 
ferences between high and low n Ach 
Ss under nonskill instructions. However, 
under skill instructions high n Ach Ss 
recalled more I tasks than low n Ach Ss, 
Atkinson and Raphelson also found 
that while there were no differences in 
high and low need affiliation Ss under 
skill instructions, high need affiliation 
Ss recalled more I tasks under non- 
skill instructions than did low need 
affiliation Ss. In these nonskill instruc- 
tions, S was told that he was helping 
the experimenter participating in ITP, 
Neither Atkinson nor Atkinson and 
Raphelson found any instruction—or 
personality—related differences in the 
recall of completed tasks. Caron and 
Wallach ( 1959) replicated Atkinson 
and Raphelson’s findings concerning IR 
and n Ach, even though they used a 
substantially different measure of n Ach, 
In addition, however, Caron and Wal- 
lach found that while high n Ach Ss? 
recall of completed tasks was unaffected 
by skill instructions, low n Ach Ss re- 
called fewer completed tasks under skill 
than nonskill instructions. Eriksen 
(1954) found that Ss who were high 
on the MMPI psychasthenia recalled 
more I tasks under skill instructions 
than Ss who were low on that scale, 
and that Ss who were high on the 
* MMPI hysteria scale recalled fewer I 
tasks under skill instructions than Ss 
low on that scale. Eriksen found no 
personality-related differences in the 
call of C tasks. Eriksen also found 
‘os Ss with ego strength, as inferred 
from high F+% on the Rorschach, re- 
lled more I tasks under skill instruc- 
a than low ego-strength Ss. Using 
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a different Rorschach measure of ego 
strength, Jourard (1954) found no re- 
lationship with IR or CR. Apparently 
high n Ach and strong-ego Ss respond 
to skill instructions by recalling more I 
tasks while n Ach and weak-ego Ss 
respond to skill instructions by recalling 
fewer I tasks. The trend for CR is less 
clear. The degree of overlap in the n 
Ach and ego-strength constructs re- 
mains in question. 

Marrow (1938) investigated instruc- 
tions which did not vary along the 
typical skill versus nonskill dimension. 
Some Ss were told task completion in- 
dicated success; others were told task 
incompletion indicated failure. His re 
sults clearly indicated that S’s interpre- 
tation of C and I, rather than C and I 
per se, determined recall. Findings by 
McKinney (1935) support this inter- 
pretation. Subsequent analysis of Mar- 
dow’s data also indicated that IR and 
CR were both unaffected by telling S 
during the course of ITP that he was 
doing very poorly on ITP as a whole. 

The relationships of IR and CR to, 
variables other than instructional dif- 
ferences have also been investigated. 
For example, IR and CR are differently 
affected by the passage of time. Martin 
(1940) found an increase in the recall 
of C tasks 2 days after task presenta- 
tion which was not present for I tasks. 
Pachuri (1935) found a similar in- 
crease 1 day after task presentation. 
After 2 weeks, however, Martin (1940) 
found that the teminiscence of C tasks 
had dissipated and that both IR and 
CR had decreased, Sanford and Risser 
(1948) found after both 2 weeks and 
4 months that CR had decreased sig- 
nificantly while TR had not changed. 

Pachuri (1935) found that fatigue at 
the time of task administration reduce 
IR but did not affect CR and that 
fatigue at the time of recall affected 
neither IR nor CR 
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Caron and Wallach (1957) found that 
the verbal cancellation or relief of skill 
instructions subsequent to task recall 
did not affect IR. Subjects who had 
and Ss who had not had their skill 
Instructions relieved recalled the same 
number of I tasks, this being fewer than 
that of nonskill-instruction Ss. 


Recall of I Relative to C Tasks 


The experimental findings concerning 
the relative recall of I and C tasks can 
est be summarized under the following 
four headings: effects of instructions, 
iens of S variables, interaction of in- 
nt and S variables, and other 
Effects of Instructions. The experi- 
ed literature unequivocally in- 
cates that skill instructions increase 
melt of C task recalled to I task 
1957p, Pe 1946; Eriksen, 1952a, 
RPEN Hays, 1952; Kendler, 1949; 
= ) 1944; Lewis & Franklin, 1944; 
“ nzweig, 1941, 1943; Smock, 1956). 
ee of S Variables. Rosenzweig 
ee ee (1942 ) found that Ss who 
ale ke Suggestible and/or hypnotiz- 
tka ia relatively more C than I 
baie Ue the opposite was true of 
notizar] were less suggestible and hyp- 
and k In a related study Sarason 
ien, e yig (1942) found, by 
nes ratings derived from Thematic 
a tte Test protocols, that those 
were tal recalled more C than I tasks 
taeda high on need affiliation 
Tecalled n eference while those Ss who 
tively i Ore I than C tasks were rela- 
anxiety, $2 on need autonomy and on 


Tamk; 
skit mkin (1957) found that under 


i : 
Dhrenics petons more adult schizo- 
More T th an adult normals recalled 


Pees Pi an-C tasks. Winder (1952) 
Pie under skill instructions more 
Schizophrenics than nonpara- 
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noid schizophrenics recalled more I 
than C tasks. 

Sanford (1946) and Rosenzweig and 
Mason (1934) have investigated the 
effects of mental age (MA) and chrono- 
logical age (CA) upon relative recall. 
Using skill instructions, crippled institu- 
tionalized Ss, and different numbers of 
tasks for different Ss, Rosenzweig and 
Mason failed to find any clear relation- 
ship between either MA or CA and rel- 
ative recall. Nevertheless, they reported 
an impression that as both MA and CA 
increased the recall of C tasks increased 
to the recall of I tasks. Stanford, on the 
other hand, used nonskill instructions 
with slightly older, intellectually and 
physically average children from the 
public schools. He found a clear increase 
in the recall of I relative to C tasks as 
a function of CA. Stanford’s findings are 
probably more general and reliable 
than Rosenzweig and Mason’s. Butter- 
field’s (1963) findings are consistent 
with this conclusion. 

Interaction of Instruction and S Vari- 
ables. Instructions and S variables in- 
teract when relative recall scores are 
used as the criterion. Persons with 
strong egos as measured by a composite 
Rorschach score (Eriksen, 1954) and a 
questionnaire (Alper, 1957) recall rela- 
tively more I tasks under nonskill in- 
structions and relatively more C tasks 
under skill instructions. Alper’s strong- 
ego Ss have higher need recognition and 
need dominance and react to failure 
with more increased effort than do her 
weak-ego Ss (Alper, 1948). People with 
low n Ach recall relatively more I tasks 
under nonskill instructions and rela- 
tively more C tasks under skill instruc- 
tions (Atkinson, 1953; Atkinson & 
Raphelson, 1956; Caron & Wallach 
1957, 1959). People with weak egos 
and high n Ach recall relatively more 
C tasks under nonskill instructions and 
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relatively more I tasks under skill 
instructions. , 
E Oier Variables. Abel (1938) investi- 
gated the relationship of relative recall 
to the Schneider index of neurocircula- 
tory efficiency. The Schneider index is 
supposedly a measure of response to 
physiological stress. Abel found that Ss 
who recalled more I tasks relative to C 
tasks had significantly greater neuro- 
circulatory efficiency. Strother and Cook 
(1953) have shown that Ss with low 
neurocirculatory efficiency respond to 
stress with a decrement in performance. 
Therefore, it may be that Ss who recall 
more I than C tasks respond with less 
decrement in performance under stress 
than do Ss who recall more C than I 
tasks. Bialer and Cromwell (1960) found 
evidence which seems to support the 
suggestion that Ss who recall more I 
than C tasks respond with less perform- 
ance decrement to stress than Ss who 
recall more C than I tasks. They found 
that mentally retarded Ss who return 
to incompleted tasks respond with a 
greater increase in rate of card sorting 
after induced failure than do Ss who 
return to completed tasks in ITP 
procedure. 

Hays (1952) found that the interpo- 
lation of an interesting task between 
the ITP and recall caused Ss to recall 
relatively fewer C tasks than when he 
interpolated a boring task. 


RC 


The RC has been studied exclusively 
with children and has been most ex- 
tensively related to MA and CA. Bialer 
(1957), Bialer and Cromwell (1960), 
Butterfield (1963), Rosenzweig (1933, 
1945), and Spradlin (1955-60) have 
shown that as both MA and CA in- 
crease more Ss choose to repeat I tasks. 
Crandall and Rabson (1960) have made 
similar findings for boys but not for 
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girls. Bialer (1960) has found by pE 
average and mentally retarded Ss hai 
this increasing tendency to choose I in 
stead of C tasks under skill instructions 
is due solely to increase in MA. It is un 
related to increases in CA when MA A 
partialed out. Miller (1961) found t én 
RC of the I task varies with MA od 
not with CA when ITP is administered 
under skill instructions but not an 
der nonskill instructions. Bialer a 
1960), Bialer and Cromwell (19 ot 
Butterfield (1963), Rosenzwelg ae 
1945), Spradlin (1955-66), and en 
dall and Rabson (1960) all used s$ H 
instructions so that Miller’s (1961) Os 
ings are consistent with theirs. Mil a, 
failure to find a relationship betwe i 
RC and MA under nonskill aima y 
may be due to the fact that practic 2 
all of his Ss chose the I task under er 
skill conditions. Consequently, theri 
no possibility of his finding any ® of 
ential relationship between the choice 
I and C tasks. a, ae 
A number of apparently similar Fi if 
sonality variables have been SS 
RC behavior. Subjects who return tO 
rather than C tasks have been ratte i 
teachers as more rebellious (Mi e 
1961) and as having more pride o i 
zweig, 1933) and by observers of t fe 
free-play activity as being more ® & 
sertive and independent (Crandall y 
Rabson, 1960). Bialer (1960) foum, 
that Ss who reported in question’ 
items that they feel personal con 
over what happens to them more 0 } 
repeat I tasks than Ss who report e 
ings of more external control. It is P? 
sible that none of these relations” 
would have been found if MA had a 
controlled. For example, Bialer’s (19 as 
finding was eliminated when MA Y 
controlled statistically. the 
In the only study to investigate 
effects of different instructions UP. 


jl 
RC, Miller (1961) found that 5 
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instructions increased the tendency to 
return to C rather than I tasks. 


THEORETICAL ISSUES 


à The ITP has been considered to pro- 
vide validity measures for the psycho- 
analytic theory of repression, the media- 
tion-avoidance hypothesis of personality 
functioning, the McClelland and his 
associates’ (1953) conception of achieve- 
ment motivation, and a developmental 
theory of success-failure conceptualiza- 
tion. Its role in each of these four 
theoretical realms is considered in turn. 


Repression 


_ Rosenzweig (1938) originated the ra- 
tionale for deriving a measure of re- 
pression from ITP. He reasoned that 
skill instructions would make I tasks 
seem like failure to the Ss, thereby 
ee them to repress the I tasks. 

€refore, Ss would recall fewer I tasks 


= ony skill instructions than under non- 

ea instructions. Rosenszweig derived 

oe aces from psychoanalytic 

toe about the effects of skill instruc- 

fon oon C tasks and no such deriva- 
eems possible. 

ies oreg found that the ratio of I 

than o C tasks was less under skill 

Ser Soni nonskill conditions. How- 

ea! one suggested, and Glix- 

tears ‘ee subsequently established 

is a 8 Rosenzweig’s data, that 

bn ative change was due to an in- 

Se in CR rather than to the pre- 


Icted deci P m = 
gators — in IR. Other investi- 


Consistent 


cr 


e also failed to find any 
Upon TR koe of skilled instructions 
Personalit en Ss were unselected for 
1957. yY variables (Alper, 1946, 
> Atkinson, 1953; Atkinson & 
E 
ix mane a; ? i 
bee ne Kendler, 1949). When 

og Wee for personality vari- 
nstructions increased the IR 


S we 
ables 
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of Ss high in n Ach and MMPI psych- 
asthenia and decreased the IR of Ss low 
in n Ach and high in MMPI hysteria. 
Therefore, if a decrease in IR due to 
skill instructions is indeed repression, 
repression occurs markedly more often 
in some personalities than in others. 
This is as might be expected. Further- 
more, other personalities actually show 
the opposite of repression—call it ob- 
session (Caron & Wallach, 1959)—to 
task interruption under skill conditions. 

While it is conceivable that some Ss 
should react to interruption under skill 
instructions by repressing the I task 
and others by becoming obsessed with 
the I task, there is a good reason to 
doubt that changes in IR due to skill 
instructions have demonstrated either 
repression or obsession. While the pres- 
ent argument is made solely for the 
phenomenon of repression, it also ap- 
plies to obsession. It is said to occur 
when some experience has been regis- 
tered, that is, learned but because of 
some painful association has been 
warded off from recall. In order to 
demonstrate repression, it is first neces- 
sary to demonstrate that two groups 
have learned some response equally well 
and then to show that some painful 
experience leads one group to recall that 
response significantly less well. That is, 
it is necessary to be able to separate the 
effects of learning from the effects of 
retention upon recall. In ITP, it is im- 
possible to show that the groups to be 
compared on retention are equal on 
original learning. For an example of a 
study which separates the effects of 
learning and retention by placing the 
repression-inducing stimulus after a test 
for initial learning see Zeller (1952). 
This inability to show that I and C 
tasks are equally well learned is a 
crucial shortcoming of ITP as a meas- 
ure of retention since the original learn- 
ing opportunity is frequently shorter 
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for I than for C tasks. Since ITE does 
not allow for the separation of learning 
from retention it is not well suited to 
the study of repression. Nevertheless, 
indirect attempts have been made to 
determine whether differential recall of 
I tasks was a phenomenon of learning 
or of retention. . 

Theoretically, repressed material 
should not be subject to the same laws 
of retention as unrepressed material as 
long as the reason for the repression 
exists. In ITP, the ostensible reason 
for repression is S’s reaction to his 
belief that task incompletion is due to 
his lack of skill. Therefore, until the 
skill instructions are somehow counter- 
manded and S “realizes” that task in- 
completion is unrelated to his skillful- 
ness, IR should not change over 
time the way CR does, However, there 
should be no differences in changes over 
time between IR and CR when the 
tasks are presented under nonskill in- 
structions. As was reported earlier, 
Martin (1940), Pachuri (1935), and 
Sanford and Risser (1946) found dif- 
ferences between changes in IR and 
changes in CR, but these differences 
occurred under both skill and nonskill 
instructions, Therefore, these differ- 
ences establish neither that decreases 
in IR are due to retention, that is, 
repression, nor that they are due to 
original learning. 

Caron and Wallach (1959) theorized 
that, since the ostensible reason for 
repression in ITP is S’s reaction to his 
belief that task incompletion is due to 
his lack of skill, they could determine 
whether differential recall was due to 
learning or retention by comparing the 
recall of three groups: nonskill instruc- 
tions, skill instructions, and skill instruc- 
tions which were countermanded be- 
tween the time of task presentation and 
task recall. If the countermanded skill- 
instruction group was similar to the 


nonskill group, then the effect would be 
one of retention. If the countermanded 
skill group was similar to the = 
group and different from the ne 
group, then the effect would be one 0 
original learning. Their results sug- 
gested that differences were probably 
due to differences in original learning. 

Pachuri’s (1935) finding that fatigue 
at the time of task administration = 
fects IR while fatigue at the time 0 
task recall does not, also suggests that 
depressed recall is due to differences 
in learning rather than differences in 
retention. , 

In summary, both logical conside 
tion and research findings with men 
suggest that, as it has been used in 7 
past, it is not well suited to the study 
repression. 


Mediation-Avoidance Hypothesis 


Inglis (1961) attempted to anes 
the results of ITP studies by mean 
of the mediation-avoidance hypothesis: 
According to this hypothesis, Ss ae 
to moderate amounts of ae 
anxiety” by avoiding the mediator a 
instigator of that anxiety. Sma 
amounts of anxiety are said to have 
no influence upon avoidance behavior 
and large amounts are said to be dis- 
Tuptive of avoidance behavior. I” 
other words, the mediation-avoidance 
hypothesis postulates a curvilinear rela- 
tionship between anxiety and a 
ance. Furthermore, there are said to 5s 
two sources of socialized anxiety: 
immediate environment and his person- 
ality. The environment ranges from 
nonstressful to stressful situations 1” 
such a way that task interruption under 
skill instructions is more stressful tha? 
task interruption under nonskill instruc 
tions. The Personality factors which ate 
said to be related to socialized anxiety 
are the dimensions of stability to ne" 
roticism and introversion to extraversio”: 


"— 
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Neurotic extraverts are least suscepti- 
ble, neurotic introverts are most sus- 
ceptible, and stable introverts and 
stable extraverts are intermediately sus- 
ceptible to stress. Since, according 
to the mediation-avoidance hypothesis, 
there is a curvilinear relationship be- 
tween anxiety and avoidance, and since 
anxiety is contributed to by both the 
environment and S’s personality, the 
mediation-avoidance hypothesis predicts 
an interaction in the production of 
avoidance reactions between personality 
and situational stress (see Figure 1). 
From these premises of the mediation- 
avoidance theory the present author has 
derived the following predictions. 


_ 1. Under conditions of low stress 
Introverts recall fewer I tasks than 
extraverts, 

re Under conditions of high stress, 
Toverts recall more I tasks than 
extraverts, 

M both the introverts and extra- 
daas neurotic the differences pre- 
Reali Hypotheses 1 and 2 above are 
2 than if the groups are unselected 

Curoticism, 
one ret similar instructional condi- 
oa ere are no mean differences 
whieh a neurotic and stable groups 
introver re equal on or unselected for 
Slon-extraversion. 
tiong Sa similar instructional condi- 
distrib te Variance is greater and the 
moa e of avoidance scores is more 
Broupa = neurotic than for stable 
extre when the groups are equal on 
Version-introversion, 

e effects of stress instructions 
are unpredictable without 
of S’s personality. 


Upon 
Nowledge 
T 
ct Predictions refer only to the 
accordin interrupted tasks because 
8 to Inglis (1961, p. 280) I 
le only “anxiety-producing 
in ITP. Therefore, since 


STRESS 


AVOIDANCE REACTIONS 


NE SE SI NI NE SE SI NI 
SUSCEPTIBILITY TO STRESS 


NE - Neurotic extroversion 
SE- Stable extraversion 
SI - Stable introversion 
NI - Neurotic introversion 


Fic. 1. Hypothetical relationship between 
susceptibility to stress and avoidance reactions 
(adapted from Inglis, 1961). 


changes in relative recall scores depend 
upon changes in both IR and CR, rela- 
tive recall scores do not provide a 
definitive test of the validity of the 
mediation-avoidance hypothesis. Conse- 
quently, Inglis’ (1961) discussion of 
ITP in which he relied entirely upon 
relative recall scores is inconclusive 
with regard to the mediation-avoidance 
hypothesis and his conclusion that ITP 
studies confirm the mediation-avoidance 
hypothesis is questionable if not er- 
roneous. 

There are no studies in the literature 
which test directly the predictions 
made from the mediation-avoidance 
hypothesis. However, some indirect 
tests have been made. For example, if 
it is assumed, as Inglis does, that high 
n Ach is an index of neurotic extra- 
version, then the findings of Atkinson 
(1953), Atkinson and  Raphelson 
(1956), and Caron and Wallach (1959) 
support Hypotheses 1 and 2 above. 
Since Hypotheses 1 and 2 taken to- 
gether constitute the prediction of an 
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interaction between instructional and S 
variables, the mediation-avoidance hy- 
pothesis predicts some of the most 
complex ITP phenomena. Hypothesis 3 
has not been tested even indirectly. 
If it is assumed, as Inglis does, that 
Eriksen’s (1954) measure of ego 
strength is a valid index of neuroticism, 
then Hypothesis 4 has been contra- 
dicted and Hypothesis 5 has received 
no support. The author’s conclusion 
that Hypothesis 4 has been contra- 
dicted differs from Inglis’ interpreta- 
tion of the evidence. Inglis concluded 
that a study by Eriksen (1954) sup- 
ported the mediation-avoidance hy- 
pothesis when it would not have done 
so even if a relative recall score was 
an appropriate criterion score with 
which to test the hypothesis. Inglis 
noted that Eriksen measured ego 
strength “partly by a Rorschach con- 
formity score not unlike that found by 
Eysenck to be a fairly good measure of 
neuroticism.” He concluded from the 
fact that Eriksen’s ego-strength meas- 
ure was positively related to relative 
recall scores under nonstress conditions 
and negatively related to relative recall 
scores under stress conditions that the 
mediation-avoidance hypothesis was up- 
held. It is clear from Inglis’ diagrams 
(see Figure 1), however, that neuroti- 
cism independent of extraversion-intro- 
version is predicted to be unrelated to 
directional differences in avoidance. 
That is, Eriksen’s finding of a direc- 
tional relationship between neuroticism 
and relative recall is contrary to rather 
than supportive of the derivation from 
the mediation-avoidance hypothesis. 
Hypothesis 6 has been supported by the 
lack of consistency in the results of 
studies examining the effects of skill 
instructions upon IR. 

It is apparent that while the media- 
tion-avoidance hypothesis is relevant 
to the recall of I tasks, much more 


research is needed before it can be 
asserted that it adequately, summarizes 
or predicts even the existing findings 
with ITP. 


Achievement Motivation . 


In order to predict ITP findings from 
n Ach scores it has been assumed that 
differences in n Ach indicate qualitative 
differences in motive structure rather 
than, or in addition to, differences in 
intensity of motivation (McClelland, 
1951; McClelland et al., 1953). Spe- 
cifically, it has been assumed that per- 
sons with high n Ach scores are moti- 
vated primarily by a need to approach 
succcess while persons with moderate or 
low n Ach scores are motivated primarily 
by a fear of, or a need to, avoid failure. 
Furthermore, skill instructions are as- 
sumed to enhance the motivations 
which the person possesses. That is, for 
low or moderate need achievers, skill 
instructions are said to be threatening 
and to lead to increased avoidance of 
failures, that is, I tasks “since recall of 
failures would serve to redintegrate the 
pain of failure [McClelland et al., 
1953].” On the other hand, for high 
need achievers, skill instructions are said 
to be an incentive or challenge which 
leads to increased approach to, or recall 
of, I tasks. It is as if the high need 
achiever “wanted to continue to strive 
to complete them [McClelland, et al., 
1953].” These predictions about the 
interactive effects of instructions and 
n Ach on IR are supported by the ex- 
perimental literature. 

As it was developed by McClelland 
and his associates (1951, 1953), the 
achievement-motive conception makes 
no predictions about the recall of 
tasks. Therefore, it cannot predict the 
interactive effects of instructions 2?! 
n Ach upon relative recall scores with- 
out the addition of factually unwat- 
ranted assumptions. It would be neces” 
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sary to assume that neither n Ach nor 
skill instructions affect CR. While it is 
true that n Ach is unrelated to CR, 
instructions do affect it. Consequently, 
without the addition of some specifica- 
tion of conditions under which instruc- 
tions affect CR, achievement-motive 
theory is concerned with only the rela- 
tionship between IR and n Ach. 


Success-Failure Conceptualization 


_ While theorists who were interested 
n repression, the mediation-avoidance 
hypothesis, and achievement motivation 
have used task recall measures as their 
criterion scores, theorists who were 
Interested in success and failure con- 

` Ceptualization and developmental vari- 
ables have used task RC. 

R These latter theorists (Bialer, 1960; 
Tomwell, 1963) have based their pre- 
Ictions about RC on developmental 
YPotheses such as the following: 

ori the time of birth the child is 

ade to respond to stimuli as 
is ant or unpleasant and to learn to 
ah stimuli previously associated 
am €asant events and to avoid 

—_ Previously associated with un- 

os nt events. As the child matures 

pins ond motivational and conceptual 

Geen Is said to develop. This second 

Vie Fi? called the success-approach 

ane ailure-avoidance system. As it 
ee es the child comes more and more 

San seems events in terms of his 
By el avioral competence, that is, 
in 5s and failure and less and less 
Daa pleasantness and unpleas- 
i whieh n terms of the ITP situation 
the o the child is asked to repeat 
that th of his choosing, this means 
Shana; F older child will more often 
z © repeat the task which allows 
tence, p cmonstrate behavioral compe- 
nd, will younger child, on the other 
Which More often choose the task 
8ave him the greatest pleasure. 
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Since more behavioral competence can 
be demonstrated by doing a more dif- 
ficult task, the older child will more 
often choose the more difficult task. 
Theoretically, the only clue to difficulty 
in the ITP situation is completion or 
incompletion, the I task appearing to 
be more difficult. Therefore, the older 
child should more often return to the 
I task even though the C task was prob- 
ably the more pleasurable to him. 
The evidence strongly supports this 
prediction. 

This developmental viewpoint has 
difficulty predicting the relationship be- 
tween ITP behavior and instructional 
and S variables. The predictions it does 
make all stem from a straightforward 
and well-documented derivation from 
the notion of a developmental success- 
striving versus failure-avoiding motiva- 
tion system; namely, that as children 
mature they report more frequently and 
in a wider variety of situations that 
they feel control over what happens to 
them (Bialer, 1960; McConnell, 1963; 
Miller, 1961). To the extent that this 
tendency to report oneself in control of 
what happens to him is correlated with 
MA or CA, the increases in it are as- 
sociated with increasing resumption and 
recall of I tasks. However, there is 
some evidence that the tendency to 
verbalize control is not solely dependent 
upon MA or CA and that increases in 
the portion of verbalized control which 
are independent of MA or CA are asso- 
ciated with increasing resumption of C 
tasks (Bialer, 1960). These findings 
have been interpreted (Butterfield, 
1963) to mean that the particular part 
of the variance in verbalized control 
which is independent of MA is a meas- 
ure of the degree to which an individual 
strives to avoid events at which he suc- 
ceeded in the past. This interpretation 
gives the developmental position two S 
variables by which to predict ITP be- 
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«or: intellectual maturity and ver- 
mated aa As intellectual maturity 
increases, the resumption or recall of 
I tasks becomes more frequent. As 
an individual verbalizes more control 
over events without concomitant growth 
in intellectual maturity, the resumption 
or recall of C tasks becomes more 
frequent. 

The verbalized control construct also 
makes it possible for the developmental 
theory to make predictions about the 
effects of skill instructions. According 
to the developmental position, the effect 
of skill instructions is the same as that 
of S’s verbalized control. That is, skill 
instructions simply induce § to believe 
that he controls task completion. In- 
ternal control independent of MA 
leads to reduced resumption of I and 

increased resumption of C tasks. 

Virtually all of the data within the 
realm of task resumption are consistent 
with the developmental theory outlined 
above. However, it does not predict the 
more thoroughly studied task recall phe- 
nomena as well. Skill instructions do 
not always decrease the recall of I tasks 
and increase the recall of C tasks as 
the developmental theory predicts. 
Furthermore, the developmental theory 
does not include variables with known 
relationships to many of the S variables 
which have been shown to interact with 
the various ITP scores. For example, 
it can make no predictions about the 
effects of n Ach. Therefore, it is not 
applicable to some of the most reliable 
and orderly findings with ITP. How- 
ever, the developmental position does 
predict the fact that skill instructions 
always decrease the recall of I tasks 
to the recall of C tasks and vice versa. 
This is a distinct difference between it 
and the other theoretical schemes con- 

sidered here. The reason the develop- 
mental scheme predicts the effects of 
skill jnstructions upon relative recall 
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scores is that, unlike all of the other 
positions here considered, it makes pre- 
dictions about both IR and CR. Conse- 
quently, relative recall scores are as 
relevant to the development position 
as are scores which keep IR and CR 
separate. 


CoNCLUSION 


It is apparent that none of the sys- 
tematic attempts to deal with ITP phe- 
nomena has adequately accounted for 
all of the known relationships. How- 
ever, these theoretical efforts and the 
literature upon which they are bases 
clearly indicate that any adequate pa 
planation of ITP phenomena mus 
take into account: instructions, persori- 
ality variables, developmental levd i 
the subject, and probably task variables. 
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33 articles spanning 50 yrs. of research on the effects of praise and 
blame on the performance of school children are reviewed. Praise gen- 
erally acts as a facilitator to performance, though often it is indistinguish- 
able from practice effect. The single exception in recent years is the 
decrement in performance from praised underachievers. Exceptions to 
the generally decremental effect of blame on the performance of children 
are underachieving children, very bright adolescents, and Negro children 
working under Negro examiners. The problem of subject-reinforcement 
history is presented as a major contributor to the confusion in the 
literature, and the use of functional designs is suggested as a solution. 


' Experimental studies using various 
Incentives for motivating discrimination, 
learning, and performance in human 
and animal subjects compose the greater 
Part of the literature of psychology. The 
history of child psychology is spanned 
by Studies seeking to evaluate the ef- 
fectiveness of praise and blame as in- 
Selig for school children. The present 
a | is confined to empirical studies 
Si ering the effects of the verbal in- 
ie | praise and blame, on dis- 
= ation, learning, and motor tasks 
, School-age children below the col- 
te level. Philosophical and theoretical 
Bas te will be considered only when they 

€ derived directly from empirical data. 


Up to 1930 


een years prior to Binet’s monu- 
‘sae work on intelligence, Binet and 

Sa e (1897), measuring the effects 
hk rbal encouragement on the physical 
Si e of children, found that all 43 
a si a improved their scores. In a 
eicon ort Kirby (1913) gave verbal 
Bint a it, knowledge of results, a 
€ period, and then a retest to 

e ioe reported herein was sup- 
Program cree the cooperative research 
States De the Office of Education; United 
Welfare. Partment of Health, Education, and 
‘a Ooperative Research Project No. 
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1,350 third and fourth graders working 
arithmetic problems. Although all of the 
subjects achieved a gain, it is impossible 
to say whether the improvement was 
due to praise, knowledge of results, or 
the period of practice. 

Although college students were uti- 
lized by Gilchrist (1916) and Gates and 
Rissland (1923), their work, which is 
therefore not pertinent to this review, 
must be mentioned because it provided 
the methodology for the later Hurlock 
studies which formed the beginning of 
the great surge of interest in the litera- 
ture on the effectiveness of praise and 
blame as incentives for school children. 
Hurlock (1924) first studied the effects 
of verbal incentives on school children 
by dividing 408 third- fifth-, and 
eighth-grade children into groups by 
age, sex, race, and intelligence, ad- 
ministering an intelligence test in a 
test-retest design, a l-week span be- 
tween testings, and using praise, Te- 
proof, and control groups. Her overall 
conclusion was that neither praise or 
reproof was superior to the other as 
an incentive and that both tended to 
result in a greater improvement than 
did practice alone. 

Further analysis of the different 
groups suggested that older children re- 
sponded more to both praise and reproof 
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than did the younger ones; that girls 
improved more from practice than did 
boys and were less influenced by eituen 
praise or reproof than were the boys; 
that Negro children reacted more favor- 
ably to praise, white children more to 
reproof. (This latter difference, how- 
ever, was only slight, and, according to 
Hurlock, showed that the two races were 
more alike than different in respect to 
their reactions to these incentives.) 
Hurlock (1924) felt that some incentive 
was more essential for superior chil- 
dren, if their work was to be kept up 
to the maximum of their ability, than 
for inferior ones. Both praise and re- 
proof seemed to serve this purpose. Re- 
proof had its greatest effect on the 
children rated by their teachers as 
superior in school work; praise was of 
greater value for children rated as 
average and inferior. 

Concerning the then current con- 
troversy over the constancy of the IQ, 
the next year Hurlock (1925a) fol- 
lowed up her work on intelligence test 
performance and again found no differ- 
ence between the effects of praise and 
blame, both incentives raising the IQ 
significantly more than did practice 
alone. 

Hurlock’s (1925b) most distinguished 
work on praise and blame was an at- 
tempt to study these variables over a 
longer period of time. 

In a classroom, do the children who con- 
stantly receive praise for their work show 
more improvement from day to day than 
do the children who are reproved or who 
are completely ignored [p. 146]? 

She used five modifications of the 
Courtis Research Test in Arithmetic 
over a period of 5 days, 106 children 
from Grades 4-6, the incentives ad- 
ministered in groups before the other 
members of the class, except for the 
isolated control group. Increased ac- 
curacy was found only in subjects who 
were praised or reproved, the greatest 


improvement being made by the praised 
group. 

These results as a whole point conclusively 
to the fact that regardless of the factors of ee 
sex, initial ability, or accuracy, praise ; 
decidedly the most effective... . REO 
when first used, seemed to be about equa FE 
value to praise, but with continued me 
cifectiveness showed a decided decline [p. 159]. 


Two years later less difference was 
found between the groups, but the same 
trends were apparent when Cohen 
(1927) replicated the Hurlock (1925b) 
study. . 

A clinical interpretation was given by 
Bird (1927) to an analysis of factors 
influencing learning on a reading readi- 
ness test based on 100 children from 
4 to 6 years old. Eight of the children 
were excessively dependent upon praise, 
four were more satisfied by admonition 
than indifference. E 

In the first major review of the litera- 
ture in this area, Hurlock (1931) made 
no attempt to criticize or comment upon 
the past performance of researchers, Of 
to point out new directions for later 
research to explore. In looking over the 
Studies prior to 1930, confusion of re- 
sults from research studying the effects 
of verbal incentives on children already 
is apparent. In the two earlier studies, 
verbal encouragement was found to ae 
Prove the scores of all participating 
children on both the motor task of 
Binet and Vaschide (1897) and the 


regular classroom task of Kirby (1913). _ 


Neither study employed a control group 
or attempted to compare effects O 
praise versus reproof, a 
A very careful researcher, Hurlock, 1” 
two studies using an intelligence test 45 
the task, one More or less a duplication 
of the other, found neither praise OF 
reproof to be superior, although bot 
Were more effective than practice alone- 
In a third study using a regular class 
room task she found praise to m 
decidedly more effective than reproo” 


ieee, A e O i 
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although both were still superior to 
practice alone. This latter finding was 
substantiated by Cohen’s duplicate 
study. On a reading readiness test Bird 
found withheld praise caused delayed 
learning in some children, and reproof 
was necessary to encourage the best 
efforts of others. 

None of these studies with differing 
results used the same age levels: Kirby 
used third and fourth graders; Hur- 
lock’s two earlier studies used Grades 
3, 5, and 8, while her later study, and 
that of Cohen, used Grades 4 and 6; 
Bird used nursery and kindergarten 
children, Yet in the studies using mul- 
pie grades, no age differences were 
ound. Could differences in methodology 


© responsible for such clashing differ- 
ences in results? 


1930 To 1940 


den ginning the work of the next 
ier i Warden and Cohen (1931) stud- 
tine e effectiveness of schoolroom in- 
ee Ange on 38 fourth graders working 
that — problems. They concluded 
vic] e commonly-used incentives of 
effect Praise and reproof were not as 
Sian ve as might be supposed, that any 
To E In the regular classroom routine 
rked as an incentive. 
oti their review of the literature, 
Ai and „Ballard (1932) concluded 
öbs Praise is better than reproof; that 
gils sy more influenced by reproof, 
ing z praise; that, generally speak- 
“a Incentives are better than 
and | e Incentives for all ages, grades, 
evels of intelligence. 
mane the relative effectiveness 
a numps parable groups of children of 
incentives of different types of external 
is i N (1932) concluded that 
Negative auon, whether positive or 
ia Pd S more effective than none. 
213 ; mg of 102 of Chase’s original 
Mdren, Anderson and Smith 


a 


(1933) concluded, in agreement with 
Chase, that some motivation is more 
effective than control motivation. There 
were differences between the two stud- 
ies, however, in reference to the effec- 
tiveness of failure on the performance 
of the subjects, differences which might 
possibly be explained by the difference 
in age distribution between the two 
samples, since all of the original sub- 
jects could not be utilized in the fol- 
low-up study, and those used were older 
than they had been previously. Neces- 
sarily there were no younger subjects 
in the follow-up study, and older sub- 
jects were added. 

The review by Brenner (1934) led 
him to conclude that the obvious con- 
flict of results was bound to occur due 
to the varying experimental conditions 
and general inadequacies of the studies, 
but also “in a large measure to the 
faulty formulation of the problem [p. 
48].” He felt that all the studies in the 
literature to date erred in assuming an 
absolute level of difference between 
incentives, which “act in specific situa- 
tions, depending upon all the factors 
of the situation as a whole . . . and 
derive their attributes, so to speak, from 
the situation in which they are active 
[pp. 48-49].” Brenner (1934) stated 
that no general conclusions could be 
drawn regarding the effectiveness of 
praise and blame, but that their inter- 
action with many other conditions 
needed to be considered. 

Proper application of the incentive in a given 
situation depends upon the insight of the 
teacher. The effectiveness or worth of a 
teacher depends upon his ability to make 
adequate use of motivation [p. 50]. 
Brenner himself investigated the effects 
of immediate versus delayed praise and 
blame and found no significant dif- 
ferences between the two. 

Nor did Benton (1936), studying 
the influence of incentives on intel- 
ligence test scores, find any difference 
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between praise, reproof, or control moti- 
ie first study, which attempted to 
take into account personality differ- 
ences, was conducted by Forlano and 
Axelrod (1937) at the fifth-grade level. 
They concluded blame to be more ef- 
fective than praise, but speculated as 
to whether more trials would have 
brought about significance for the 
ise groups. 
saa concern of Murphy, Mur- 
phy, and Newcomb (1937), who list 
and digest in a series of tables a large 
number of studies concerning incentives, 
is the problem of: 
The relationship between the individual per- 
sonality and the situation. . . . All of the 
experimental work attempting to analyze the 
effects of praise and reproof . . . was until 
recently carried out without any references 
to the values or means of the situation’ to 
the individual child and its relation to his 
own personality [pp. 449-450]. 


They call attention to the inconsistencies 
in the literature and attribute this con- 
fusion to a failure to consider the in- 
dividual in relation to the cultural 
background and his own peculiar per- 
sonality makeup. 

Schmidt’s (1941) concern is expressed 

at the conclusion of his excellent re- 
view of the literature: 
This review of the literature leaves no 
definite conclusions to be drawn as to the 
effectiveness of praise and blame as incentives 
to learning. This has been brought about, it 
is felt, through there being no clear-cut con- 
ception of the basic principles involved, or 
through a non-realization or non-differentia- 
tion of what was being sought and what was 
actually being done. It is true that perform- 
ance has been mentioned frequently in the 
literature cited, but this has been done 
casually and interchangeably with learning 
[p. 71. 

On one point all of the studies dur- 
ing the decade 1930 to 1940 agree: the 
experimental incentives were admin- 
istered regardless of the actual perform- 
ance of the children. This in itself is a 
somewhat artificial approach, since 
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classroom teachers would supposedly be 
using the incentives to fit the occasion. 
But whether or not the answers were 
correct or incorrect, or the performance 
satisfactory or unsatisfactory, during 
this decade, as for previous pertinent 
research, subjects were administered 
the incentives at random. 

Warden and Cohen (1931) not only 
found praise and reproof groups to be 
not significantly different from each 
other or the control group, but also to 
be inferior to promise of a game 10 
motivating fourth graders on a regular 
classroom task. Brenner (1934) also 
found no differences between praise, 
blame, and control groups, even when 
divided into delayed and immediate 
praise and blame. Nor did Benton 
(1936) find any differences between 
praise and control: he did not make 
use of a reproved group. 

Yet Chase (1932), using a motor 
task, found both praise and reproof to 
be better than control, and failure to 
be better even than praise. However, 
this latter finding was contaminated by 
previous incentive condition and method 
of administering the task. Anderson and 
Smith (1933), in a follow-up study, 
agreed with Chase’s finding and def- 
initely concluded blame to be more 
effective than praise. And Forlano and 
Axelrod (1937), endeavoring to ee 
into consideration the personality © 
the subjects, found a significant dif- 
ference only in the introverted subjects» 
where blame was more effective tha? 
praise or control. There were no differ- 
ences in effectiveness of incentives fF 
the extraverts. 

None of these later studies agreed 
with Hurlock (1925b) that praise ÍS 
more effective than reproof. The ten 
ency for this period of research lea? 
either toward no differences betwee” 
praise and reproof, or toward repro 
being more effective. There is still 2° 
generally accepted conclusion from MOS 
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researchers in the field of effectiveness 
of verbal incentives for school children. 
It is no wonder that researchers are 
beginning to end their reports with 
statements to the effect that praise and 
blame must be used wisely and with 
understanding for the specific pupil at 
the specific time. 


1940 ro 1950 


In an effort to study the effects of 
reproof, Potter (1943) concluded that 
at higher ages reproof had little effect 
on performance, while at lower age 
levels the effect varied. 

Klugman (1944), making use of the 
equivalent forms provided by the 1937 
revision of the Stanford-Binet, con- 
cluded that there was no significant 
reliability difference between praise and 
Money as reward conditions; that there 
Was a substantial superiority of the 
Scores of Negro children tested with the 
Money incentive over those tested with 

<S Praise incentive; and practically no 
lterence between Negro and white 
ren when money was the incentive; 
E White children showed a substantial 
Den iiy over Negro children when 
rn a was the incentive. He (Klugman, 
A A aeronnited for the lack of signifi- 
cy eh ee between the incentives 
Mics e asis that the task was “so chal- 
tithes that the use of one incentive 
ise! than the other made little or 
Wher e ficant difference [p. 268].” 
evaluating his results it must be 
ict nto account that he did not make 
: a control group. 
earlier oe and Axelrod (1937) 
Were i ompson and Hunnicutt (1944) 
and bla eer in the effects of praise 
overt, on the work achievement of 
ie P The methods 
atter ae ies were similar with the 
longer ve ‘ying its subjects over a 
b riod of time: six repeated 
aS oppos Eyres the reward conditions 
ed to three trials in the earlier 


study. Both the total praise and blame 
groups were significantly superior to the 
total control group, causing the authors 
to conclude that the effectiveness of 
verbal incentives in motivating pupils 
was more noticeable when introverts 
and extraverts were not differentiated. 
But there was no significant difference 
between the praise and blame groups. 

Unlike Forlano and Axelrod, who 
found introvert blame to be significantly 
superior to introvert control and intro- 
vert praise, Thompson and Hunnicutt, 
for the first three trials, found no sig- 
nificant difference between these groups. 
On the final three trials, repeated praise 
increased the performance of the in- 
trovert-praise group until it was superior 
to introvert blame and extravert praise, 
answering in the affirmative Forlano 
and Axelrod’s question as to whether 
repeated trials would raise the effects ot 
praise to significance. Repeated blame 
increased the performance of the ex- 
travert blame group until it was supe- 
rior to extravert praise and introvert 
blame. On none of the tests did the 
extravert praise or introvert blame 
groups differ significantly. 

Thus, for this study of fifth graders 
divided into introverted and extraverted 
groups, application of praise and blame, 
when repeated often enough, had dif- 
ferential effects: introverts achieved a 
higher level of performance when 
praised, extraverts when blamed. Remi- 
niscent of Brenner (1934), the authors 
(Thompson & Hunnicutt, 1944) com- 
mented upon this conclusion by stating: 
The results of this study indicate that praise, 
as well as blame, can be used unwisely by 
the elementary school teacher if he does not 
fully appreciate and understand the different 
personalities present in his classroom. Praise 
and blame should not be judged on an 
cither-or basis, but should be used to fit the 
case [p. 266]. 

Whether it was the effect of World 
War II, a shift in interest by investiga- 
tors in the field, or high standards for 
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t step set by Schmidt (1941), 
E eiie 1940-1930 added only three 
studies to the investigation of the 
effects of praise and blame on the per- 
formance of school children. Only one 
of these, Thompson and Hunnicutt, 
endeavored to compare the effects of 
both praise and blame on student sub- 
jects. 
Potter (1943), studying the effect of 
reproof on the performance of children 
at different age levels, found that it de- 
creased performance of third graders, 
increased that of sixth graders, and had 
little effect on ninth and twelfth 
graders. In the first study not to employ 
a control group since that of Bird 
(1927), Klugman (1944), trying to 
establish a relationship between praise 
and money as incentives, found no dif- 
ferences in performance on the Stan- 
ford-Binet. 
1950 to 1960 


In the 1950-1960 decade there began 
to appear in the literature a parallel 
line of investigations using knowledge 
of results as reinforcement, rather than 
praise and blame. There is, of course, a 
certain amount of overlap, but for 
reasons of clarity, simplicity, and 
emphasis, this series of studies will not 
be discussed. 

To test whether praise was more ef- 
fective when used in massed or spaced 
distributions, Mech, Kapos, Hurst, and 
Auble (1954) studied 240 fourth graders 
divided into massed versus spaced-rein- 
forcement groups, further divided by 
0%, 50%, and 100% verbal reinforce- 

ment. The massed-trained group per- 
forming significantly better, it was con- 
cluded that the intertrial interval is a 
factor determining the effectiveness of 
praise. It is unfortunate that in this 
study reward condition is confounded 
with percentage of reinforcement. Also 
there is the question of a fatigue factor. 
One group finished in approximately 
an hour, the other in 3 hours, 


In his study to determine if the mo- 
tivational needs of blind children are 
similar to those of sighted children, 
Kent (1957) hypothesized, from results 
of the Thompson and Hunnicutt (1944) 
study, that introverts would respond 
more readily to praise, extraverts to 
reproof, but found that either incentive 
was better than none for all groups €x- 
cept the public-school blind, where there 
was no difference between incentives 
and control. Praise was found to be 
more effective regardless of personality 
type or visual status. i 

Studying the effect of verbal in- 
centives on reading improvement, Silver- 
man (1957) concluded that teacher use 
of praise and reproof cannot predict the 
reading growth of pupils, but can pre- 
dict total verbal output. A methodolog- 
ical disadvantage of this study, along 
with those of Potter and Brenner, was 
the use of intact classrooms and thus 
the inability to assign subjects ran- 
domly. , 

Terrell and Kennedy (1957), using 4 
variety of reward conditions, rewarded 
and reproved their subjects according 
to their performance, and concluded 
that the candy-reward group had learned 
the task and had transposed this learn- 
ing significantly more quickly than the 
other groups. Neither praise or reproof 
was significantly more effective than 
the control] group. , 

Verbal encouragement and praise 
were concluded to have a definite 
facilitating effect upon the psychomotor 
Performance of mental defectives bY 
Ellis and Distephano (1959), 

Studying the effect of praise and 
blame on a localization problem, Sani 
strom and Weinz (1958) conclude! 
that due to the conflict between €n% 
couragement and an unattainable te 
ward the praised group’s performance 
was inferior to that of the reprove 
group. 

The decade 1950-1960 doubled thé 
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number of studies of the previous decade 
and introduced interesting variations to 
the research theme. Blind children and 
mental defectives were studied; ex- 
perimental incentives were administered 
according to the performance of the 
subjects; massed versus spaced praise 
Was studied; and teacher use of praise 
and reproof in the classroom was 
recorded in an effort to evaluate its 
effect on reading improvement. 

Results were just as varied, but al- 
most predictable: Massed praise was 
found to be more effective than spaced 
Praise; even for blind children praise 
and blame were more effective than 
control motivation, except for public- 
school blind where there was no dif- 
erence between groups and where per- 
ormance itself was significantly inferior 
to that of residential-school blind and 
public-school sighted children; teacher 
hg Praise and reproof in a class- 

n cannot predict reading growth in 
role candy is a significantly more 
og reward than praise or reproof, 
ka S? of which is better than a knowl- 
Pe a ts “results control group; praise is 
EA aad more effective for mental 
ee ra than nO incentive; reproof is 
i eee r a reward offered 

g 
etter than no a un ects 2 
Performance esults o 
1s Sandstrom 
tie oe ee reproof to be more effec- 
condition conclusion was qualified by 
really ma Hi ei the praised group. No 
$ hea findings are noted for this 
3 ed aly its importance lies in 
taking : orms that the research was 
arte an €vergrowing effort to try 
Some valid decision as to the 


effect, i 
on = Praise and reproof on the per- 
ce of school children. 


and Weinz 


1960 To DATE 


9 signi = 
» betwe 8nificant differences were found 


Praise and control groups in 


the Dollins, Angelino, and Mech (1960) 
study on the effects of teacher praise 
upon 75 elementary school children 
scored below the thirtieth percentile on 
the California Test of Personality. 

Stevenson and Snyder (1960) , study- 
ing the use of praise and reproof with 
mentally-retarded children, established 
clear evidence that the effect of a par- 
ticular incentive condition is influenced 
significantly by the preceding incentive 
condition: praise as the original in- 
centive maintained higher performance 
even when followed by blame or no 
incentive, while with more praise per- 
formance was increased; blame followed 
by praise led to increased performance, 
but a decrement in performance was 
apparent for blame followed by no in- 
centive. The authors concluded that 
when the examiner’s statements led 
subjects to assume that a particular 
level of performance is expected or 
that his performance is less satisfactory 
than that of other subjects, failure 
increases motivation; but when the 
examiner’s statements only comment 
upon subject’s performance, failure 
lowers motivation. 

Studying the relationship between 
concrete and abstract reinforcement on 
the sharing of preschool children, 
Fischer (1961-62), in a finding consist- 
ent with that of Terrell and Kennedy, 
concluded bubblegum as a reward was 
more effective than praise. 

Metz (1961-62), studying the effects 
of stress and praise on creativity, con- 
cluded that stress facilitated perform- 
ance of low scholastic-aptitude subjects, 
inhibited that of high scholastic-apti- 
tude subjects, while praise facilitated 
the performance of all subjects. 

Analyzing the effects of praise and 
blame as a function of intelligence, 
Kennedy, Turner, and Lindner (1962) 
studied two groups of adolescents with 
IQs from 124 to 150 and from 95 to 
116. For the superior group no dif- 
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ferences in performance were found be- 
tween the three incentive groups, while 
for the average group blame caused a 
significant decrement in performance. 
To test the Kennedy, Turner, and 
Lindner findings on adolescents, Will- 
cutt and Kennedy (1963) used the 
same procedure on fourth graders. At 
this grade level there was no significant 
relationship between intelligence and 
effectiveness of verbal incentive. There 
was a significant difference at this age, 
however, between incentives, praise 
being superior to either reproof or no 
incentive. One point to consider, how- 
ever, in comparing these two studies, is 
that there were no students in the 
fourth-grade group with IQs compar- 
able to the superior adolescents in the 
earlier study, the superior fourth graders 
being in the IQ range 111-130. 
Changing the task from a discrimina- 
tion problem to performance on an 
intelligence test, the grade level to sec- 
ond and third, and controlling for class 
and caste social groups rather than 
levels of intelligence, Tiber and Ken- 
nedy (1964), studying the effects of 
incentives on the intelligence test per- 
formance of different social groups, 
contrary to expectations, found no dif- 
ference in effectiveness of incentives 
for any of the social groups, yet, as in 
previous research, found a significant 
difference in IQ scores between these 
social groups. The authors suggest that 
explanations of IQ differences between 
cultural groups must be based on causes 
other than lack of intrinsic motivation 
provided by the intelligence test itself, 
Studying the effects of praise and 
blame on the paired-associate learning 
of 90 boys retarded and nonretarded 
academically (IQ means 107.2 and 
108.8, respectively), Van De ; Riet 
(1963) found that blame was signifi- 
cantly more effective for the educa- 
tionally retarded group, praise more 
effective for the noneducationally re- 
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tarded group. She defended her by- 
pothesis, that praise produced anxiety 
in the academically retarded group, 
with clinical observations. l 

Bluhm (1964), using the same dis- 
crimination task as Kennedy, Turner, 
and Lindner and Willcutt and Kennedy, 
studied the effect of anxiety upon e 
reaction to praise and blame of 47 
fourth, seventh, and tenth graders 
divided by means of the discomfort 
relief quotient method described by 
Mowrer (1953), and found that pe 
ward condition does not interact sig- 
nificantly with anxiety level. Thus the 
main effect of the reward condition 
does not seem to be related to the level 
of anxiety. 

Kennedy and Willcutt (1963) under- 
took a factoral study broad in scope 
and design. Their investigation of the 
effects of praise and blame on a a 
crimination task under the variables o 
grade, intelligence, sex, race, soci d 
class, school, and examiner conclude: 3 
that, although the study came abou 
due to evidence in the literature that 
the effects of praise and blame on sub- 
ject performance was highly variable, 
for this study, using a discrimination 
task with speed as the criterion, p 
effects of praise, blame, and contro: 
were quite consistent regardless of sub- 
ject differences: reproof had a debil- 
itating effect upon performance, while 
Praise resulted “in a somewhat higher 
increase than that coming from practice 
alone [p. 63].” 

Using the same discrimination task, 
Vega (1964), following up the Kennedy 
and Willeutt (1963) study to test the 
effect of the race of the examiner 0? 
the reaction to Praise and blame of 3 24 
Negro second, sixth, and tenth graders, 
found that for the three white examiners 
the results were the same as in 
original study. For the three Negt 7 
examiners, however, there was a signi®” 
cant difference, with all three incentiv? 
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conditions, praise, blame, and control, 
resulting in improvement in scores. The 
Significant difference between the 
white and Negro examiners is based 
squarely on the subjects’ reaction to 
blame. For the white examiners in both 
Studies, blame caused a decrement in 
Performance, even for the white sub- 
Jects of the original study. However, 
for Negro subjects with Negro exami- 
ners, blame, as well as praise and no 
incentive, resulted in an increment in 
performance, 

What have the 11 studies in the 
early part of this decade demonstrated 
about the effectiveness of praise and 
lame with school children? Anxiety 
Seems to be unrelated to the effective- 
hess of verbal incentives, with the pos- 
Sible exception of the minority group 
of academically retarded children. Socio- 
oe school, and examiner vari- 
a seem not to be significantly re- 
= to the effectiveness of verbal in- 
os ves; with the exception of Negro 
oa reaction to blame under Negro 
arat iners. Blame has been found gen- 
ke 4 to have a debilitating effect on the 
te oe of school children. Praise 
illit i an generally to have a 
— rt fa on the performance of 
esa appears, then, that when one 
seen or Practice, as with the use of 
stable a Sroup, praise is a reasonably 
TE ienei from study to study 

e Deef ing an incremental effect upon 
Children a aee and learning of school 

E n exception is the reaction of 
ite, Ta erachievers whom praise in- 
planation De Riet (1963), in her ex- 

a of these conflicting results, 
arger eea what is apparently the 
that thus : ness of studies in this area, 
control o T there has been very little 
subject e reinforcement history of 
design ss S, and that here a factoral 

sae S Not seem to be effective. 
7 On the other hand, has fairly 
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Seve 


consistently exhibited an inhibiting 
effect upon the performance of school 
children. Exceptions to this general 
debilitating effect of blame are under- 
achievers, Negro subjects performing 
under Negro examiners, and very bright 
adolescents. 

Further clarification in this area 
would seem to await a functional design 
which in some way controls the rein- 
forcement history of the subject. Using 
human subjects with such a complex 
phenomena as the effect of verbal praise 
and blame, control of the reinforcement 
history over a long span of time seems 
impossible, and there is some question 
as to the sufficiency of short-term con- 
trol. Cross-cultural control of reinforce- 
ment history seems to raise more prob- 
lems than it solves and would not 
appear to be any answer at all. 
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EFFECTS OF DOUBLE STIMULATION: 
TEMPORARY INHIBITION OF RESPONSE? 


DONALD REYNOLDS? 


Michigan State University 


This paper deals primarily with findings in the area of reaction time, 
with a lesser focus on dichotic listening studies and stereoscopic percep- 
tion. The generality of a temporary inhibition of response (TIR) 
phenomenon, given double stimulation in close temporal contiguity, is 
Posited. 3 alternatives are offered: an S-centered (information and/or 


“filter” theory), an O-centered (the 


“expectancy” position), and an R- 


centered (a competing-response position) explanation, The latter is 
Suggested as most adequately dealing with the data, although the alter- 
Natives are not seen as mutually exclusive. A method for the training 
of prepotent responses is suggested, along with an associated line of 


research into the TIR phenomenon. 


The phenomenon discussed in this 
Paper is one which follows from the 
Simultaneous, or nearly simultaneous, 
Presentation of two stimuli to the sub- 
a The behavioral manifestation of 
nae stimulation, provided that the first 
i; second stimulus are not identical 
i ee so), is a delay in response 
mi rd of them. In some cases, a delay 
a e found even when the second 

mulus closely resembles the first. 
te phenomenon, herein labeled as 
(TIRO inhibition of response 
the t : 1S not the mere updating of 
mite > that a complex task requires 
Sha v to perform than a simple 
te i ote that a delay is posited to oc- 
Altho Y one of the two responses. 

Sh the whole task (making both 
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responses) often takes more time than 
the two component responses combined 
additively, the observation that only 
one of the two responses is delayed 
tends to bolster a competing response 
position and more adequately explains 
how the complex task takes more time. 
The TIR is a useful concept because 
it permits operational specification of 
what may be expected to occur when 
two stimuli follow each other in close 
temporal contiguity; further, TIR pro- 
vides a convenient point of departure 
for the comparison of different theo- 
retical positions with respect to response 

output following such stimulation. 
Explanations of delay in response have 
been advanced along traditional lines; 
these tend to be stimulus centered, or- 
ganism centered, or response centered. 
The stimulus-centered position main- 
tains that variation in response output 
is primarily related to variation in 
stimulus input. The organism-centered 
position would prefer to deal with the 
“expectancy” of the subject; anticipa- 
tion, set, and expectancy are thought 
to have profound behavioral conse- 
quences. The response-centered position 
directs our attention to the competing 
response tendencies elicited by each of 
333 


334 DONALD REYNOLDS 


the stimuli in the double stimulation 
PE ccs paper discusses several 
sets of assumptions and relevant fnd- 
ings in each of the following areas: 
stereoscopic perception; dichotic itens 
ing; and reaction time, with the focus 
of interest on reaction time studies. i 
The dichotic listening procedure in- 
volves the presentation of different 
stimulus-inputs to each ear of the sub- 
ject, who is later required to report the 
contents of one message, or of both, or 
of selected components of one or both 
messages. Dichotic listening is dealt 
with herein in somewhat greater detail 
than is stereoscopic perception since 
workers in dichotic listening adopt a set 
of assumptions which lead to conclu- 
sions and inferences which represent 


one major attempt to handle the TIR < 


phenomenon. 

In this paper the reaction time 
studies reported are mainly those in- 
volving a “b-reaction,” in which the 
subject reacts to the first stimulus with 
its experimentally associated response, 
and to the second stimulus with a 
second, usually different, response. 
Simple “a-reactions” are also discussed, 
in which the subject makes one response 
to a given stimulus, as the period be- 
tween two a-reactions shares properties 
with the period between the presenta- 
tion of the first and second stimulus in 
the b-reaction. This interval of time 
which separates the two stimuli is herein 
referred to as the interstimulus interval 

SI). 

a are three aims of this paper: 
(a) To show, by convergent findings 
from three seemingly unrelated areas, 
that a TIR phenomenon exists. As 
indicated above, the TIR is posited to 
cur in situations in which the subject 
oe d with two stimuli in close 
is presente T d ired to re- 
temporal contiguity and requ 1 

d to both of them. (4) To call at- 

fim to the fact that a response- 


centered explanation of TIR (or what 
used to be called delays in response to 
a second stimulus, e.g., the “psycho- 
logical refractory period,’ which is 
herein assumed to be a special case of 
TIR) has in the past infrequently been 
seen in the literature. Such an explana- 
tion is important because either a 
stimulus-centered or an organism- 
centered explanation does not rier 
quately account for the previous (an 
often divergent) findings in these areas. 
(c) To suggest a line of research by 
which a response-centered explanation 
of findings in the double-stimulation 
paradigm may be tested. 


STEREOSCOPIC PERCEPTION 


It is known that presentation of views 
of the same, or very nearly the a 
object in the right and left frames 
the stereoscope leads to the phenomeno i 
of binocular fusion, often with a pa 
ception of depth. When images qu! a 
disparate in content are so presene 
for example, a red square to the left eya 
and a green one to the right, the “classi- 
cal” binocular rivalry situation obtains; 
this involves a more or less rapid alter- 
nation of a single percept: red or a 
Very infrequently there is a binocula 
fusion into yellow. The main difference 
between binocular rivalry and fusion 
antecedents seems to lie in the bas 
of physical disparity of the separate 
stimulus inputs. Although Bartley (1963) 
indicated that binocular rivalry and/° 
luster may be due to “the tempo" 
organization of the impulses from e 
two eyes reaching a given cortical reg!° 5 
[p. 51],” and although there are U” 
doubtedly organism variables accounting 
for the rate of alternation, the predic. 
tion of binocular rivalry could be mat 
independently of knowledge of thes 
variables, given a stimulus input of 
certain degree of dis arity. 

other fexplataiion “a binocular 
rivalry is based on the expectancies ° 
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the subject. Past experience with visual 
stimuli leads the subject to expect to 
receive identical, or nearly identical, 
stimulus inputs to the two eyes. When 
this condition is met, the subject fuses 
the two images as he has in the past; 
when this condition is not met, he en- 
gages in a “switching” process, in which 
Some balancing of stimuli based on 
order of importance or unusualness 
(Berlyne, 1960) is perhaps made. If 
one of the stimulus inputs is physically 
dominant, then fixation of attention on 
that stimulus will occur often (Rey- 
nolds, 1962; Reynolds & Toch, in 
Press). Woodworth and  Schlosberg 
(1954) point out that fatigue or satia- 
a may play a role in explaining why 
€ percept shifts in this case (p. 78). 
One could also examine the com- 
Peting response tendencies involved in 
Fa reception and processing of two 
parate stimuli. Much as the “impor- 
a or “unusual” stimulus would tend 
eet the binocular percept, so 
aoe the stimulus which evokes or 
nie ee Prepotent response. (The pre- 
that response may be considered as 
habie Een standing highest in a 
with ¢ md immy assonidted 
Hullian si th us or stimuli. No 
making this eae is implied.) While 
BEB ea ang ction appears at first 
should he aa primarily semantic, it 
Ce Ad noted that the concepts of 
nie or unusualness of the stimu- 
stimul. : Te very exacting control of the 
dealt Pi ames if they are to be 
mental sity +e J in the experi- 
Paper sil ation, A later section of this 
for the = onting a proposed method 
Dones sa lishment of prepotent re- 
Woul Ough training; this method 
ofh ae the operational definition 
response, heg o or a competing 
esponse-cent y al owing a test of a 
a ered explanation of TIR. 
te Posited » Since competing responses 
to account for the alterna- 


tion of images (in binocular rivalry), 
by differentially manipulating the 
strength of the competing responses one 
may predict rate of alternation. This is 
not possible when only the important 
stimulus is specified. 

It should be noted that the above 
discussion carefully avoids review of 
physiological factors associated with 
binocular rivalry. Osgood (1953, pp. 
259-260), after a review of physio- 
logical research, calls attention to the 
fact that there is anatomical separation 
of the two retinal fixation points; 
though there are no direct (and few 
indirect) provisions for the fixation 
points to work as a unit, they do so. 
It is tempting to conclude that visual 
integration (fusion) is under some 
higher, central control. If so, then learn- 
ing may be posited as mediating binocu- 
lar fusion. Berkeley, in the eighteenth 
century, advanced a similar view ap- 
plying to visual space perception. Need 
we develop a different process for bin- 
ocular rivalry than for fusion? If rivalry 
is learned or subject to the laws of 
learning then a competing response 
explanation of it is not untenable. 

The main point of interest in the bin- 
ocular rivalry situation is, for the 
writer’s purposes, this point: Even 
though stimuli are presented simultane- 
ously to the subject, he responds to 
them successively. This is not due to 
some verbal impediment resulting from 
the inability of the subject to say red 
and green simultaneously, but reflects 
a genuine perceptual process which 
involves a temporary inhibition of 
response. 


DICHOTIC LISTENING 


In this area there is no single phe- 
nomenon as well defined as binocular 
rivalry in stereoscopic perception. There 
are certain patterns of delay of response 
which occur in highly reliable fashion— 
given certain stimulus conditions. Allan 
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(1961) has suggested that when “too 
much” stimulation for “immediate ab- 
sorption” is presented to the subject, 
a perceptual organizing activity occurs 
which is absent when the subject is 
operating “below capacity.” This no- 
tion, aside from being intuitively satis- 
fying, seems to be able to explain 
“grouping,” the making of what ap- 
pears to be a single unified response 
consisting of two response units to two 
temporally close stimuli. A disadvan- 
tage of this notion is that it tends to 
be a circular one; the definition of 
below capacity hinges on whether or 
not “organization” occurs. 

Broadbent's theoretical paper (1957b) 
is of interest here. In order to con- 
ceptualize the results of many dichotic 
listening studies he develops a model 
which takes the shape of a Y shaped 
funnel, down which balls (representing 
information) can be dropped. Balls 
dropped simultaneously down each 
branch will collide, and either remain 
at the fork or emerge successively. 
“Simultaneous stimuli either jam or 
produce successive responses [p. 208].” 
If this formulation is correct, there 
should be a TIR when stimuli are 
temporally close or arrive together. 
There is one exception to this rule, 
however: when the two stimuli are of 
low information content they may pass 
through and be processed together. 
There seems to be no contradiction be- 
tween Broadbent (1957b) and Allan 
(1961); when the stimuli make fairly 
low demands on the subject, two or 
more may be dealt with together. Ad- 
ditional references are Broadbent (1954, 
1956) and Bryden (1962). na: 

of import in dichotic listening 
tudies are error rates and order of re- 
a It has been found that, when 
os mation is of diverse content, audi- 
infor fusion is extremely rare in the 
cate situation. If, for example, we 


esent the stimuli 3-4-5 to the right 
pr 


ear and 6-7-8 to the left, the subject 
does not report the sequence 3-6-4-7-5-6 
(unless a slow temporal order is used; 
see Bryden, 1962), or complain that he 
could not hear the stimulus er 
(“masking”), but typically reports a 
of the content from one ear, then all 0 
the content from the other. Broadbent 
(1957a, 1958) thinks that stimuli from 
one pattern are held in “short-term 
storage” while stimuli from the ad 
pattern are organized or otherwise 
with (1958, pp. 298-299). Listening . 
two sets of digits in this situation lea a 
to more errors from the “channel” whic 
reports second (Broadbent, 1957b). . 
Bryden (1962) found that: (¢) be 
the input of dichotic material is of slo y 
tempo (one pair of stimuli Ever e 
seconds), reports tend to follow 
temporal order of the stimuli, with son 
evidence of rehearsal between pairs, es 
stimuli. (b) Although the longer = 
led to more errors, length of list had i 
consistent effect on order of reca a 
(c) Speeding up the tempo (to one par 
of stimuli every .5 second) leads or 
breakdown of the “ear order” of recat. 
(The connection between this ISI ane 
the range of ISIs in which the psycho- 
logical refractory period is found oñ 
reaction time may be coincidental. 
the other hand, an ISI of .5 second w 
represent a boundary between Leora 
ways of handling stimulus input.) TPU 
the ear order seems to be a ean 
of the temporal spacing of stimu d 
rather than of length of message (aP® 
by implication, of storage capacity)- > 
In the shadowing of dichotic m¢ 
Sages, one of which was labeled by 
experimenter as “irrelevant,” Moray 
(1959) found that the subject was We 
able to report any content of, ds 
“rejected” message. Only the subjec* ; 
own name seemed to “get through- 
Other types of irrelevant messages, ri 
cluding a pure tone (usually perceiv® | 
as such), a man’s voice later switche 
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to that of a woman, speech in a foreign 
language, and reversed speech were not 
clearly identified; if the subject was 
trying to “assist” the experimenter by 
failure to report content of the rejected 
ae it nevertheless seems likely 
ena rond be able to report on the 

k structural properties of the 
stimulus input. 

There are at least two ways to 
ge why the subject responds to his 
aan (assuming identification is a 
aie n ws of these ways also 
Gi ant Ie y the rejected message fails 
eae rough. If we make the as- 

mption that the occurrence of the 
subjects name in this situation is a 
re baie of low probability, the occur- 
a adi ey name conveys considerable 
i m ion, and thus may be attended 
rA ‘ a we try to apply this explana- 
eaten why the subject fails to get the 
Hie T message (presumably also of 
the a re probability in this situation), 
oF Yon T ogy breaks down. Another way 
tesson ing at this is to assume that a 
easily yf to one’s own name is more 
e oe than many other re- 
bree y that is, that the stimulus of 
re eau name is a potent elicitor of 
ke A Applying this assumption 
through ailure of irrelevancy to get 
sibility nT can conceive of the pos- 
stimulus) at the irrelevant message (or 
ersones. is not a potent elicitor of a 
told the’ in fact, the experimenter has 
of the a Mpok to disregard that part 

Trdi imulus input! 
ject tg ta, (1960) instructed the sub- 

S adow one of two messages 

: d dichotically. In the middle 
course) Passage (connected verbal dis- 
ki stimulus inputs were switched 

a eat ear without informing 
Would ct. Typically, the subject 

& tow peat one or two words from 
than thi wrong” ear, but never more 

1s. Aside from the contextual and 


Presente 


meaningfulness variables apparent here, 
one must also note the latency of the 
correct response. A delay of response 
here seems a function of the replace- 
ment of one response by another 
(“wrong”), followed by an amendment 
of the incorrect response. A much more 
severe case of this can be illustrated 
by pointing out the difficulty subjects 
sometimes have in “breaking set”; set 
can be conceived as a series of pre- 
potent responses established through 
prior experience. 

A pattern seems to emerge from these 
dichotic listening studies: When the 
subject is presented with an “easy” 
situation (e.g. slow tempo of events) 
the response pattern flows smoothly 
with few delays or errors in response. 
At “harder” levels the subject either 
attempts some organization of stimulus 
inputs (e.g, ear ordering), or some 
selection of response output based on 
the potency of the eliciting stimulus 
pattern; in both cases delays in re- 
sponse (TIR) are involved, almost by 
definition. 

Berlyne’s statement (1960) seems to 
support a response-centered explanation 
for the findings in dichotic listening at 
these harder levels. 

If he [the subject] has an innate tendency 
to react to a complex of stimuli in a par- 
ticular way, or if he has learned to perform 
a particular response in the presence of the 


whole complex, we had best talk about the 
selection of a response to the situation [p. 7]. 


He does not exclude stimulus selection, 
however, in such cases. It seems to be 
a case of part versus whole learning, 
with the latter favoring response selec- 
tion. Since the subject is thought to 
respond in a particular fashion to the 
stimulus complex (by “organization of 
a response”), some response competi- 
tion may be fairly hypothesized. 

It will be recalled that Broadbent’s 
filter theory, which deals with organiza- 
tional capacities of the subject, 1S 


338 


R stimulus-centered approach. 
T of stimuli arriving simultane- 
ously or successively, of having much 
or little information content, of being 
more or less similar to other stimuli, 
and of being highly probable or im- 
probable (Broadbent, 1957b, 1958, pp. 
298-300). All of these considerations 
are admittedly important. However, one 
discovers that the amount, latency, or 
correctness of response are secondary 
considerations taken to support the ex- 
istence of the posited filter. Stated in 
another way, Broadbent has examined 
a variety of stimulus inputs and their 
consequent response outputs in an at- 
tempt to account for what might be 
going on inside the subject and has ar- 
rived at a position requiring selection 
of stimulus input as the major variable. 
Berlyne (1960, pp. 7-8) has pointed 
out that only some of the time should 
this be so, 

One of the deficiencies of dichotic 
listening studies for the examination of 
the effects of temporally close double 
stimulation (of which simultaneous 
stimulation is the very obviously limit- 
ing case) is in the requirement of verbal 
responses by the subject. The subject 
cannot make simultaneous verbal re- 
sponses, only successive ones. It will be 
seen that the reaction-time paradigm 
avoids this difficulty. One way of con- 
verting the state of affairs found in 
dichotic listening tasks into an asset 
would be to posit that the prepotent 
response will emerge first, given double 
stimulation. One could then attempt to 
test this by the establishment of re- 
sponse strengths by training responses 
to stimuli to which they would never 
be made “in nature.” One would then 

provide double stimulation and examine 
response output in terms of latency 
and/or correctness of response. A further 
discussion of this training method will 
be deferred to a later section of this 


paper. 
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REACTION TIME 


As the interval between two stimuli 
becomes very short the reaction time 
to the second stimulus presented be 
comes lengthened as ISI is shortene 
and approaches .5 second (Adami 
1961, p. 68). This delay in response tO 
the second stimulus is known oe E 
“psychological refractory period, ara 
may be considered as an analogue 4 
binocular rivalry in stereoscopic percep 
tion. The remainder of this section 15 
devoted to findings bearing on the per 
chological refractory period, and theg- 
retical problems posed by it; The A 
chological refractory oe is assume 
to be a special case of . 

As oo as 1931 Telford found 
that the longest reaction times Ral 
to .5-second ISIs, when using a simp d 
a-reaction task. Although he reporte 
no statistics, he concluded: . 
immediately after responding . . . there = 
a period of intrinsic unreadiness for epon 
as shown by the lengthened reaction timen 
stimuli applied during this interval [p. ; 

Vince (1948) was one of the ast 
use a b-reaction, while varying the I 7 
from 50 to 1,600 milliseconds. She to 
reported no statistics, but the ERa 
finding was that with ISIs of 50-50 
milliseconds there was a significant de- 
lay; at greater ISIs there was no delay- 
She concluded that a “central cor 
puting process” may need 500 milii 
seconds due to “psychological refrac 
toriness” and tried to tie this to other 
tracking tasks in which 500 milliseconds 
appears necessary to make compe? 
satory movements. In this study thé 
psychological refractory period is W 
fortunately confounded with the motor 
time needed to correct a response, 4 
Poulton (1950) points out, If a seco™ 
signal to respond occurs while the penc! 
is tracing the first response (as it did 1” 
her study), this latter motor response 
must be stopped and a new one started: 
Poulton believes that when a proper 
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preparatory set is permitted to form, 
the psychological refractory period may 
reduce to an interval of 200-400 milli- 
seconds. 

The role of preparatory set in re- 
action time using a b-reaction was also 
dealt with by Elithorn and Lawrence 
(1955). They varied the ISI (0, 20, 50, 
100, 250, 370, 500, 600, 750, and 950 
milliseconds) in a quasi-random pro- 
cedure, finding that the greatest delay 
to the second stimulus was at the 100- 
millisecond ISI. There was much inter- 
subject variability. 

Using four practiced subjects with 
about 15,000 observations each, Hyman 
(1953) found that reaction time tends 
to be proportional to the amount of 
information in a signal. An interesting 
finding was that: 


A path Exp. II and II [in which there 
i alg or more components with different 
hee s of information associated with each] 
Si rn gee within a condition interacted 
a hen other . . . the reaction time to the 
ae a ormation component was higher, and 
oe time to the high information 
Š E was markedly lower, than would 
e ne Ta on the basis of the regression 
This ae A the means of the conditions. 
without ect was very marked and occurred 
Both A a single exception for all four Ss in 
xp. II and III [p. 194]. 


a rinie, predicted mean reaction 
ion or 30 and 4.00 bits of informa- 
Bead signal were 258 and 824 milli- 
mean S, respectively. The obtained 
i eae times were 306 and 585 
Soeur respectively. When these 
erly se mean reaction times are prop- 
tained eighted and averaged, the ob- 
millisee ns (condition) mean was 361 
with AE. Which closely compares 
CN 363 milliseconds. 

one with at the “common event”—the 
tence hee higher probability of occur- 
Would p Sa longer reaction time than 
cory be Predicted from information 
Dletely ss a ee alone. It is not com- 
se 4 nlikely that common events are 

© which there are many com- 


peting responses. A relatively “rare 
event” might have fewer competing re- 
sponses, and thus reaction time to it 
be lowered accordingly. If increasing 
the amount of information per signal 
leads to a nonmonotonic reduction of 
competing responses, this might explain 
the greater discrepancy between ex- 
pected and obtained reaction times to 
the rare event. 

The applicability of Hyman’s (1953) 
study to the psychological refractory 
period flows from the fact that “speed” 
and “load” are complementary func- 
tions in information theory. Shortening 
the ISI should be the same, or nearly 
so, as increasing the load. Hyman found 
that increasing the load leads to slower 
reaction times, and so should shortening 
the ISI. (Unfortunately, Hyman did 
not manipulate ISIs.) This is generally 
what happens, up to the point at which 
the ISI is short enough so that the 
double stimulation can be reacted to as 
if it were single. If speed and load are 
truly comparable in this situation, then 
the competing response explanation out- 
lined above may be provisionally con- 
sidered as tenable in dealing with the 
effects of short ISIs in conjunction with 
double stimulation. 

Is the psychological refractory period 
confined to stimuli from the same mode, 
or is it general across modalities? To 
answer this question Davis (1956) used 
two visual stimuli and a visual-auditory 
pair (Davis, 1957), while varying ISIs 
from 50 to 400 milliseconds (1956) or 
500 milliseconds (1957). The pattern 
of results is the same in unisensory and 
bisensory presentation; only at the 
shorter ISIs did delays of response 0c- 
cur to the second stimulus. In a follow- 
up study Davis (1959) hypothesized 
that it is the paying of attention to 4 
signal, rather than making an overt 
response to it, that leads to greater 
delays in reaction time to the second 
stimulus. His results were quite com- 
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plex, but were taken to show support 
for a hypothesized “common analyzer 
or classifying system.” Although he did 
not present statistics to support his 
conclusion, computation of é tests from 
his presented data reveals that there is 
no significant difference between mean 
reaction times in a unisensory condition 
in which the subject either did or did 
not respond to the first stimulus (p 
> .05, two-tailed), but a highly sig- 
nificant difference when a similar com- 
parison is made in a bisensory condition 
(p < .0001, two-tailed). 

The unisensory versus bisensory find- 
ing is tantalizing. If both stimuli come 
in on the same modality, then whether 
one makes a response to both or only 
to the second seems to make no differ- 
ence in latency of the second, since the 
second reaction in both cases takes 

But note what 
cond modality 
from the first: 
take longer if 
espond to both 


handle. In summation: ( 
clusions are not quite supported by his 
own data, as there are discriminable 
differences between the unisensory and 
bisensory conditions; (b) evidence sup- 
portive of a “common or central ana- 
lyzer system” has not been compellingly 
set forth; (c) and making of an overt 
response is not quite as unimportant as 
suggested by Davis, given the findings 
in the bisensory condition. o 
One of the e ia ie os ite 
ing of the double stimula- 
en Ene (1956), who studied 
os affects of “time uncertainty” on 


simple reaction-time tasks. Using five 
different ISIs of 1-12 seconds in an 
a-reaction with a variable preparatory 
interval, he found that reaction time 
tends to increase with an increase in 
Preparatory interval variability. Since 
the event (the stimulus to be responded 
to) was certain, the increase in reaction 
time was thought to be due to the 
temporal uncertainty associated with 
variable Preparatory intervals. A series 
of recent studies have further explored 
the effects of time and event uncer- 
tainty. 

Using almost exactly the same pro- 
cedure as Davis (1959), but with fixed 
ISIs for each series, Borger (1963) 
Presented two stimuli to the subject 
(auditory, then visual or vice versa) 
and varied the ISI from 50 to 500 en 
seconds. The second response was foun 
to be slower when the subject had also 
to make a first response, but not so 
when the second response was the only 
response made. This finding held only 
for ISIs of 300 milliseconds or less. The 
subjects were very variable and sta- 
tistics were not presented. Borger felt 
that a theory based on time uncertainty 
was not supported by this data, since 
all ISIs were constant within a series. 
He brought out a good point: responses 
may be stored, as well as signals. With 
successive stimuli the subject may store 
the first signal until after the second has 
been received and then respond with 4 
joint response to both. He may also 
decide on a Tesponse and store the re- 
Sponse until the second signal has been 
Teceived. As of how, it is not certain 
which (or if both) goes on (Borger 
1963, p. 8). This explanation would 
seem to dictate, however, that it 35 
the first response, not the second, which 
is delayed in either of the two cases 
above, 

Although Borger’s (1963) study is 
generally in line with Davis (1959), it 
Is not in agreement with Klemmer 


' ee ee 
ba $$$ a 
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(1956) with respect to time uncertainty 
as a factor in reaction time. Since 
Klemmer used a rather long ISI com- 
pared to Borger, and furthermore 
required an a-reaction rather than 
Borger’s b-reaction, the studies are not 
strictly comparable. The expectancy of 
the subject may be a more potent vari- 
able when the preparatory intervals 
vary across a wide range of some con- 
siderable magniture (1-12 seconds), as 
Compared to when the ISI has a possible 
Tange of 50-500 milliseconds. 
1 Adams ( 1962 ) varied a time uncer- 
ainty condition associated with a 100- 
Paresh ISI, with an ISI range of 
Soe milliseconds. He found that, at 
Pee than a 200-millisecond ISI, the bi- 
oe condition led to a delay in 
= oe to the second stimulus—the 
a ological refractory period. At 400 
airy: or more, there is little evi- 
pectad a the psychological refractory 
“tng although some errors of antici- 
A occur. These results were taken 
shies an expectancy position; the 
optimal] was thought to be less than 
asimi y prepared at short ISIs. Using 
Sond ar setup, with all ISIs = 0 milli- 
nd i Adams and Chambers (1962) 
with : stimulus events certain or not, 
fies unisensory or bisensory task. 
3 Gane group was superior when 
this ulus events were certain, and 
5 Was thought due to incre d d 
Ssociated with E a e ASER SPER 
events y anticipation., When 
aster ane not certain the normally 
slow aa itory reaction time tended to 
the eae eventually synchronize with 
in the id slower visual reaction time 
nsory group. 
togethe pute two studies, when taken 
fect o ‘ Seem to show that the net ef- 
i, me uncertainty is to cause a 
the second response only at 
hesg» Ts (“psychological refractori- 
inty es the effect of event un- 
rmance S to generally depress per- 
` zreamer (1963) addressed 


himself to this problem. He assigned 
five groups of subjects to time-certain 
conditions, in which the ISI used was 
homogeneous for the group. A sisth 
group (time uncertain) had five differ- 
ent ISIs in a random order; all groups 
were presented with two uncertain 
visual or auditory stimuli. The time- 
uncertain group was found to have a 
slower “response speed” (this includes 
errors of anticipation) than the time- 
certain group, but this difference was 
not statistically significant. Upon closer 
analysis, the time-uncertain variable 
was found to prolong the effects of the 
event-uncertain variable, resulting in 
the delay of response speed to the 
shorter ISIs. Since the time-certain and 
uncertain conditions were not different 
from each other on any comparison, 
Creamer concluded that it is event, not 
time uncertainty which is responsible 
for the psychological refractory period. 
Response delays were ascribed to a 
“human limitation for the central de- 
cision functions of processing choices 
among stimuli [Creamer, 1963, p. 
194].” It may be tenable to assume that 
when events are uncertain (given a 
simple two-choice situation), responses 
to both must be held in readiness to 
insure maximum efficiency of response 
to both. When either stimulus occurs, 
there well may be competing response 
tendencies which are associated with the 
other stimulus which interfere with the 
response to the first stimulus. If so, the 
first response may be delayed. This is 
not usually the case, since it is the 
second response which is often delayed. 
Let us consider the implications of as- 
suming equality of response strength: if 
one of the two responses available to 
the subject is not stronger than the 
other, then the response elicited by the 
first stimulus may become the prepotent 
response. If this is true, we may expect 
the second response to be delayed if 
and only if the second stimulus occurs 
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“too soon.” At ISIs greater than 500 
milliseconds, whatever effect the making 
of the first response has on the making 
of the second appears to have dis- 
sipated. This notion is further dis- 
cussed in the next section of this paper. 
Davis (1962) had two visual signals, 
each with a probability of occurrence 
= .5. He studied the relationship be- 
tween the reaction time to the second 
stimulus and the ISI when: (a) The 
subject was told to ignore the first 
signal. (b) The subject had to respond 
on the nature of the first signal (while 
not responding to it) after response to 
the second signal. The ISIs were 50- 
250 milliseconds in steps of 50 milli- 
seconds; a regular and a random series 
of ISIs were used. The findings were: 
(a) Only in the random series of ISIs 
was there an apparent delay in response 
to the second stimulus, and this oc- 
curred only at the 50-millisecond IST. 
(b) Reporting on the nature of the 
first signal did not consistently increase 
reaction time to the second. This is 
another piece of evidence against Davis’ 
belief that paying attention to the first 
signal, rather than the making of a 
response to it, is what leads to delays 
in reaction to the second. 
Davis (1962) explains the delay at 
the short ISI as due to random iol 
entation of the ISIs; the subject is 
thought to begin analyzing the first 
signal before the second signal is in 
and then this leads to blocking, This 
seems ad hoc and does not explain why 
blocking, or delay, in the second re- 
sponse should not occur routinely, If 
the ISIs were longer, it is still more 
certain that the first signal will be ana- 
lyzed before the second; why not 
greater delays in response to the second 
stimulus at longer ISIs? An alternate 
explanation is that short ISIs, and 
especially irregular ones with equiprob- 
able stimuli involved, lead to maximum 
competing responses. Berlyne links com- 
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peting response tendencies to delays in 
reaction time (1957, p. 334). 

In order to compare reaction times 
to single and to first stimuli, Gotts- 
danker, Broadbent, and Van Sant 
(1963) used several tasks as follows: 
single-choice, left hand; single-choice, 
right hand; double-choice, left hand 
first; double-choice, right hand first. 
For each subject the mean reaction time 
for the first response was shorter in the 
single-choice situation. The authors 
(Gottsdanker et al., 1963) conclude: 
Lengthening of reaction time occurred because 
S had a subsequent task to perform wits 
a different response unit. The two movements 
became part of a unified complex solely 
because they were channeled through @ single 
operator [p. 167; italics added]. 

In the studies of Davis (1956, 1957) 
1959) reaction time did not appear 
longer at 50 milliseconds than at 400 oF 
500 milliseconds for the first response 
(Vince, 1948, had some evidence for 
the “grouping” of responses at oF near 
a 50-millisecond IST.) Gottsdanker et 
al. mention in a footnote (p. 165); that 
the second response seems to be shorter 
than the first by about 25 milliseconds: 
It would appear that some grouping 
of response is occurring in the Gotts: 
danker et al. study such that spee: 
of the second response is either facili- 
tated or at least not retarded. Althous> 
one might wish to use this study t° 
claim support for an “expectancy” P® 
sition, the fact that Davis did n9 
find the first response delayed counsels 
caution in accepting an interpretation 
based either on anticipation (in whic 
the first response need not be delayed, 
but the second may be facilitated, a 
in the grouping of responses) or OP 
Conception of the subject as a single 
channel (in which the first responsi 
may be delayed but the second nee 
uo the double-choice situation. 

1 ere be groupi uite $ 
ISIs? Haliday, Ker and ENtbor? 
(1960) presented paired stimuli WÍ 
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ISIs of 50 and 100 milliseconds, and 
single stimuli, 0, 50, and 100 milli- 
seconds after a warning signal. In 25% 
of the presentations the second signal 
Was omitted; this constituted the single 
Presentation. Here we have both time 
and event uncertainty with very short 
ISIs. The general finding was that a 
large number of second responses were 
not delayed but were as fast as the 
first responses. “. . . the high expect- 
ancy of Sə [the second stimulus] may 
account for both the shortness of 
delays .. „and their disappearance 
mith training [Halliday et al., 1960, p. 
88].” The first response did not seem 
delayed in this study. It seems some- 
a curious that an expectancy po- 
eon was considered tenable, and that 
eh ipa stimulus was assumed to be 
' F A expected, when in fact 25% of 
a it was absent, If anything, one 
ak have predicted that a large 
fe p of first responses would have 
tive) mothe (if expectancy were opera- 
sib) while the subject waits for a pos- 
a be not certain, second stimulus. 

1 in eresting finding was recent. 
reported by Helson and Steger (1962). 
z oe response was found to be delayed 
stimuly ce signal followed the first 
maxim s by 10-170 milliseconds, with a 
milliseommae et in the range of 40-140 
signal za m this study the second 
re Age no considered a stimulus, 
Le esponse to it was required of 
a ee This finding must give one 
respond ; the subject is not required to 
ee o both stimuli, how is it that 
Ohi Y response is delayed by a sec- 
ly irrelevant, signal? Here 
centered pis inadequacy of a stimulus- 
ion of coe ee explana- 
i ae : ndings. Instead, one might 
response ea what a competing- 

Be sition has to contribute. 

Close to Ae cate mean reaction time 
(et and i milliseconds for each sub- 
et us further assume that a 


response “unfolds” or develops over 
time. One may then conceptualize a 
graph of response segments plotted 
against unit time (on the abcissa). If 
we assume the simplest (but not neces- 
sarily correct function) of a straight 
line, then each increment of 20 milli- 
seconds should result in very roughly 
10% of the response as it moves toward 
completion. If the maximum effect of 
the application of a second signal is in 
the range of 40-140 milliseconds, then 
we can see that the response is some- 
where between 20% and 70% complete 
when the second (irrelevant) signal is 
applied. It seems likely that a positively 
accelerated curve more accurately de- 
picts response segments as a function of 
unit time. If so, the above discussion 
must be modified. The curve will be 
displaced to the right of the straight- 
line function, indicating that relatively 
more time must pass before a response 
is, say, 50% complete. Thus the effect 
of the formation of competing responses 
may be magnified, and the more rapid 
the acceleration of the curve the greater 
the effect. Two empirical questions re- 
main: Will competing responses form to 
a signal which is not to be responded 
to? Does enough time elapse during the 
elaboration of a response (such as in 
reaction-time experiments) for a com- 
peting response to form? One may ten- 
tatively conclude that not enough evi- 
dence has been marshaled to answer 
both questions in the negative. 

A second study was recently reported 
by Helson (1964); in brief, his results 
were that when a tone is the second 
signal and a light is the “primary” 
signal (or vice versa), the following 
occurs: (a) At an interval of 0-25 
milliseconds after the primary stimulus, 
the second signal (which is hetero- 
modal) acts to facilitate or speed up 
the reaction. (b) At 25-35 milliseconds, 
the second signal appears to have no 
effect on the speed of the first (and 
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ction—this is Helson’s “neu- 
oe eer (c) At greater than 50 milli- 
seconds the second signal acts to slow 
up the first response. Can competing- 
response theory account for this para- 
dox? If we recall the results of the 
study of Vince (1948), who found 
grouping of responses at ISIs of at or 
near 50 milliseconds, we may be able 
to approach an explanation of this para- 
dox. If at 0-25 milliseconds there is 
a summation effect, that is, the double 
stimulation is perceived as single via 
grouping, then the net effect is perhaps 
analogous to the receipt of a single, 
more intense stimulus. It is known that 
reaction time is decreased as the in- 
tensity of the stimulus is increased 
(Woodworth & Schlosberg, 1954). This 
would tend to result in quickened re- 
actions. If competing responses can ade- 
quately explain the lengthening of re- 
action time at intervals greater than 
50 milliseconds, then the interval of 
25-35 milliseconds (in which no effect 
is apparent) may show the combined 
effects of grouping and competing re- 
sponses, that is, mutual cancellation. It 
should be underlined that this way of 
conceptualizing the data has, as yet, no 
empirical support. 
In a study which may throw some 
light on the potential of a competing 
response theory, Morin and Forrin 
(1963) held transmitted information 
constant, finding that reaction time was 
positively related to “response uncer- 
tainty.” This response uncertainty was 
introduced by permitting the subject to 
“randomly select” one of several correct 
responses to a single stimulus with 
which they had been experimentally 
associated. Morin and Forrin point out 
that the proportion of variance in re- 
action time accounted for by response 
rtainty was twice that accounted 
or transmitted information in their 
a 34). Although this finding in 
i ay invalidates the importance of 
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transmitted information in reaction time 
studies, it should sensitize us to the pos- 
sibility of competing-response effects in 
such studies. 


Discussion 


The area of reaction time studies in 
which the psychological refractory pe- 
riod is examined is one in which there 
is a welter of conflicting findings and 
general incompatibility across studies. 
The British studies typically use two 
to six subjects and many measurements. 
Conclusions evolve from inspection of 
the results, rather than the testing of 
hypotheses. In most of these studies 
it is common practice to omit reports of 
Statistical tests, if in fact they were per- 
formed. Generalization from the British 
to the American studies and vice versa 
is tenuous, for the former use well- 
trained subjects and the latter typically 
do not (though making up for this, in 
part, by using larger numbers of sub- 
jects per group). The American studies 
tend to be “cleaner” but variations in 
“set” are hopelessly confounded across 
subjects. 

Welford (1952) sought to explain the 
psychological refractory period by citing 
three classes of previous theorization: 
(a) The first stimulus renders the re- 
Sponse mechanism insensitive so that 
it reacts more slowly to the second 
stimulus, especially at short ISIs (the 
“central delay” theory). (b) The delay 
in response to the second stimulus 1S 
due to its unexpected arrival (the “ex- 
pectancy” position). (c) The delay is 
due to some phase of the two responses 
not being able to overlap (a “com- 
peting response” position?). After re- 
viewing the available literature, he con- 
cluded: (a) A central organizing time 
is needed which is equal to the reaction 
time for a single response; regardless 0 
the length of the ISI this time remains 
relatively constant. (b) Feedback from 
the first response may engage the cen- 
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tral mechanisms, and the perception of 
this feedback will require time. (c) No 
two central organizing times can over- 
lap, so information from the second 
stimulus must wait in storage if infor- 
mation from the first stimulus is being 
dealt with at that time. His conclusions 
tend to be organism centered; unlike 
Broadbent, he does not unduly stress 
the stimulus content. 

Other theories (stimulus centered or 
organism centered) are not incompati- 
ble with a competing response theory. 
The difficulty with a stimulus-centered 
explanation is in determining what 
Suides stimulus-selection in, for exam- 
ple, the steroscopic perception or di- 
chotic listening areas. The organism- 
centered explanation, in relying on the 
expectancy of the subject (or his 
Property of being a single channel 
is aah which information passes), is 
fall, anger of committing a nominalistic 

acy; it labels, rather than explains. 

expectancy of the subject could be 


st nahoyy quantified and rigorously 
En one would feel more comfortable 


the position, since specific opera- 
could be produced as referents. 
chief advantage in dealing with 
competi phenomenon by means of a 
derat ng response position is that 
‘gh Onal referents for the strength of 
Ir oe tendency may be provided. 
A ne assume, for the moment, that 
Spon stimulation elicits competing re- 
the in the subject, we may expect 
the k for a short time, after which 
B inte response should emerge. 
Previous responses to specific stimuli 
may pe Unassociated with them, we 
Tespones tionally define a prepotent 
studying Such definition is crucial in 
Perioq p ne psychological refractory 

J Previous work tends to im- 


tions 


The 
the T 


Dlicit 
Stems assume equality of response 
S, that i 
n Prepotent is, the absence of a 


` t response, 
mentioned in the discussion of 
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Creamer’s (1963) study, if one of the 
two responses available to the subject is 
not stronger than the other, then the 
response elicited by the first stimulus 
may become the prepotent response, 
with predictable delay to the second 
stimulus if it arrives too soon. But what 
if the first response is relatively weaker 
than the second? Would the first re- 
sponse be delayed and the second ac- 
celerated? Would this result in a break- 
down of the psychological refractory 
period? It is not inconceivable that 
some of the diverse results with respect 
to speeds of the first and second re- 
sponses, relative to each other, may be 
due to unequal response strengths. 
What we have been talking about all 
along is a “conflict” situation. Berlyne 
(1960) lists four factors influencing the 
degree of conflict: 
[a] the nearness to equality in strength of 
the competing response tendencies, [b] the 
absolute strength of the competing response 
tendencies . . . [c] the number of competing 
response tendencies ...[d] the degree of 
incompatibility between competing response 
tendencies [pp. 32-33]. 
As for Factor b above, if the proba- 
bility of the first response plus that 
of the second is greater than 1.0, the 
responses may not be considered wholly 
incompatible. Further, in the double- 
stimulation paradigm, the number of 
competing response tendencies (Factor 
c above) may be considered relatively 
controlled across subjects, if a b- 
reaction is required of the subject. Since 
separate response keys are usually pro- 
vided for the subject in such paradigms, 
the fourth consideration above does not 
seem to be a potent variable. Thus the 
major factors to focus on are: the de- 
gree to which the first and second re- 
sponses approach each other (nearness 
to equality in strength), and the “4 
lute strength of the first versus the 
second response (provided that bn 
sum of their probabilities does no 


exceed 1.0). 
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ose that we are able to suc- 

ar- a training responses such that we 
can specify their probability, given a 
particular stimulus complex. We should 
therefore expect the greatest delay in 
the first response made given the situa- 
tion in which the probability of the 
first response (Rı) equals that of the 
second (R2), both of which equal .5. 
In this case, given an ISI of 0 milli- 
seconds, we should expect R; to precede 
Re about half the time, and half the 
time to follow it. If the probability of 
R; is greater than that of Re, we should 
expect Ri to precede Re most of the 
time at an ISI of O milliseconds. Fur- 
thermore the probability of both re- 

sponses may be differentially varied 
(e.g., with one equal to .8 and the other 

to .2) when the ISI is not equal to 0 

milliseconds. This should have differ- 

ential effects on the speeds of both re- 


sponses along the lines barely suggested 
above. 


Suggested Training Method 


An interesting finding has come from 
the probability-learning literature. Tt is 
that subjects, in a probability-learning 
task, typically do not use a “maximum- 
success strategy,” but tend to follow 
fairly closely the objective probabilities 
(Restle, 1961). Given a two-choice 
probability-learning situation, with a 
probability of the first stimulus of 47, 
and that of the second of .3, subjects 
do not always choose the first stimulus, 
but tend to distribute their responses 
about .73 and .27, respectively. Note 
that a maximum-success strategy, al- 
though it may operationally define a 
prepotent response (as outlined below), 
will not permit a competing response 
to form. i 3 k 

The probability-learning paradigm 
could be selected to train a repotent 
sponse and one competing response in 
ae double-stimulation task. This would 
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permit study of a competing-response 
position by utilizing the TIR phenome- 
non. The subject would be placed in a 
situation in which he is to guess which 
of two lights will next be turned on by 
pressing the associated key; this then 
turns on a light according to a random 
schedule of known probability associ- 
ated with each stimulus. Given, say, 4 
probability of .8 associated with the 
left-hand stimulus, it is posited that the 
subject, in responding with the left- 
hand 80% of the time—which he will 
eventually do—will learn kinesthetic 
and proprioceptive cues, with knowl- 
edge of results as reinforcement. Let us 
term this left-hand response Ra and the 
stimulus to which it is made S,. The 
right-hand response (less frequent) will 
be termed R, and the stimulus associ- 
ated with it S». 

Given the above training procedure, 
with the probability of Sa equal to .8 
and the probability of S, equal to 2; 
if the competing response position 15 
correct, will result in Są being a potent 
elicitor of R, in subsequent situations. 
S», given this situation, will be a less 
potent elicitor, both in relation to R» 
(with a probability of .2), and to Ra 
(with which it should compete). Note 
that this position does not assume that 
Ra will be made to Sp, but merely that 
the situation will set up a response com- 
petition which should have discriminable 
effects with respect to the TIR phe- 
nomenon, and which should vary ac- 
cording to whether S, precedes or fol- 
lows Sp in the double-stimulation para- 
digm. This procedure has never, to the 
writer’s knowledge, been used to test 
the underlying assumptions of a com 
peting-response position, 
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THE STRUCTURAL BASIS OF TIMING? 
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An attempt is made to find the structural basis of timing. Although 
the physiological evidence allows no Precise statement, there is some 
evidence for the involvement of anatomical structures. This evidence is 
reviewed, and a theory is proposed as to the function of these areas 


in timing. 


The stream of sensory impulses 
gathered from the environment is dis- 
tributed in time. It is supposed that the 
duration of stimuli and the intervals 
between them are compared with an in- 
ternal standard. Such a standard could 
be represented by the steady function- 
ing of some mechanism of the body. 
This role has been attributed to many 
mechanisms which function in a rhyth- 
mic manner, from the heart to the 
metabolic processes of the cells them- 
selves. Francois (1927) found a rela- 
tionship between the tate at which a 
key was tapped and the subject’s body 
temperature during normal diurnal 
fluctuation and in the process of 
diathermy, Hoagland (1934) found that 
the rate at which his wife counted 
depended on her body temperature 
(when she suffered from influenza). 
Werboff (1957) established that time 
judgment was related to the amount of 
alpha activity measured by EEG stud- 
ies. Stevens (1902) discovered that the 
fluctuations in time judgment coincided 
50% of the time with changes in blood 
volume as measured by the finger 
plethysmograph. Schaefer and Gilliland 
(1938) on the other hand found no 
relationship of time estimation to: pulse 
rate, heart work, breathing rate, breath- 
ing work, and blood pressure changes, 
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Gardner (1935) found some relation- 
ship between time estimation and dis- 
order of the thyroid. It is well known 
that thyroxin influences the amount of 
heat produced within the body, by 
oxidizing substances within the cells 
themselves. Changes in body tempera- 
ture could then cause changes in time 
estimation, for a relationship which has 
already been described exists between 
body temperature and time estimation 
(François, 1927; Hoagland, 1934). The 
increased production of thyroid hormone 
leads to increased enzymatic activity, 
which causes the strength of the heart 
beat to be increased, so that not only is 
thyroid disturbance accompanied by 
change in time estimation but also by 
changes in blood pressure. It would be 
expected therefore that changes in time 
estimation and blood pressure are Te- 
lated. This relationship was demon- 
strated in a previously mentioned study 
by Stevens (1902), but not by Schaefer 
and Gilliland (1938) who produced 
entirely negative results. All that can 
be said so far on the basis of this 
evidence is that the operation of the 
timing system js susceptible to those 
factors which influence the basic 
metabolism of cells. 

Although the physiological evidence 
allows no more Precise statement than 
this, there is some evidence for aP 
involvement of anatomical structures 
Remy (1942) reports the induction O 
the Korsakoff syndrome with com 
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Sequent temporal disturbance following 
lesions of the mammillary bodies; 
Tsiminakis (1931) found however that 
there was considerable variation in the 
appearance of the sydrome following 
such lesions. Temporal disturbance has 
been observed by Ehrenwald (1931) 
following lesion to the parietal lobe. 
Partridge (1950) and Hyde and Wood 
( 1949) report similar disturbance fol- 
lowing prefrontal lobotomy. Spiegel and 
ycis (1949) found transitory temporal 
confusion following dorsomedial thala- 
motomy. They further investigated this 
Phenomenon in thalamotomy and found 
Considerable temporal confusion (Spie- 

gel, Wycis, Orchinik, & Freed, 1955). 
Although Tsiminakis (1931) has 
doubted that lesion of the mammillary 
Odies is consistently followed by 
remporal confusion, nevertheless, other 
nvestigators, namely, Harrison (1940) 
i Remy (1942), have found this to 
- e case. From the mammillary 
bi les, heavy Projection fibers pass to 
e thalamic nuclei in the form of the 
Leanmillo-thalamic tract (Harrison, 
fan The relay functions of the 
Sen amus are well known: the great 
nein tracts and the somesthetic 
Do sn Pathways terminate in the 
or arenira] nucleus of the thalamus 
Sis which fibers Pass to the cerebral 
leste X. Temporal confusion following 
kea of the thalamus has been estab- 
thale (Spiegel & Wycis, 1949). The 
ts ee could act as a relay station 
a ere perhaps from the mammil- 
A ee the neural impulses which 
standard basis of the internal time 
Ts: a Tumors involving the thala- 
fin T often associated with diminu- 
activit amplitude or absence of alpha 
noabe (Kirstein, 1953) and it is 
ed i that: time judgment is also re- 
uring » the amount of alpha activity 
1957) a particular interval (Werboff, 
» and the introduction of a warn- 


ing signal, while markedly reducing re- 
action time, also acts to block alpha 
activity (Lansing, Schwartz, & Lindsley, 
1959). The thalamus performs the im- 
portant function of relaying impulses 
from the great sensory tracts and from 
the spinothalamic tract to the cortex, 
so that lesions of the thalamus could 
also disrupt the process allowing in- 
formation about time from the environ- 
ment to reach the cortex. 

Temporal confusion has been re- 
ported following lesion of the prefrontal 
lobes (Hyde & Wood, 1949; Partridge, 
1950). The prefrontal lobes are noted 
for their planning function. Surgical 
removal impairs ambition and the 
ability to plan for the future. In rats 
(Carpenter, 1952; Epstein & Morgan, 
1943; Maher, 1955; Steller, Morgan, & 
Yarosh, 1942) and in monkeys (Jacob- 
sen, 1939), disorders of serial learning 
are especially prominent after frontal 
ablations. Animals with such lesions 
tend to make many more anticipatory 
errors than normal animals, or animals 
with more posterior lesions. 

It is supposed therefore that the pre- 
frontal areas of the cortex perform the 
fine acts of discrimination and judg- 
ment in the timing of events, and that 
the comparison of information about 
time reaching the cortex from the 
environment, with the internal stand- 
ard, is made at this point. 
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POSITIVE REINFORCEMENT BY LIGHT: 
COMMENTS ON LOCKARD’S ARTICLE 


C. C. KIERNAN? 
Birkbeck College, London University 


Lockard’s (1963) review of studies exploring the conditions controlling 
light-onset and light-offset reinforcement and theories of light-reinforced 


bar pressing is discussed. The evid 


ence is reexamined in terms of 


temporal and response variables and it is shown, contrary to Lockard’s 


conclusions, that the data can then 
Lockard’s discussion of theories is 


be seen as relatively systematic. 


criticized on the grounds that in 


the case of the facilitation hypothesis, the stimulus-change hypothesis, 
and the discrepancy hypothesis, the position discussed is much more 


powerful than Lockard suggests. 


Evidence contrary to Lockard’s 


« moan aE e 
preference theory” is cited in the course of the discussion. 


on paper draws attention to condi- 
a ai Sper ye the reinforcing effects 
dae: t onset and light offset in rodents 
ich were not brought out by Lockard 
heey pp. 511-516) in his review of 
i eld. They affect both his criticisms 
9 other theories and the scope of the 
Preference theory” which he himself 

advances, 
tts section on Demonstrations of 
on an Reinforcement by Light, Lock- 
ables ira several classes of vari- 
Seal a ecting reinforcement and sev- 
Ba ae Space prevents discussion 
only ihs evant points, and consequently 
chine ose sections in which major criti- 
end will be discussed. The se- 
ilo ockard’s subsections will be 
sa, rivin of Light. Two clear ef- 
which a apparent from the literature to 
ae ockard gives little weight. First, 
I ack and Collier (1962, Experiment 
effect demonstrated that with session 
e ei interval) carefully 
Svan the longer the rat occupies 
lated | environment prior to being 
in test, the more light contingent 


*Th F 
merfield qe is indebted to Arthur Sum- 
Teparati or his kind assistance during the 
ation of this paper. 


bar presses it subsequently makes [p. 
16].” Second, this effect was demon- 
strated with both light- and dark-main- 
tained rats; that is, light deprivation as 
such did not appear as a significant 
variable. 

Evidence contrary to the first finding 
(Robinson, 1959-60), cited by Lockard, 
was derived from a 20-inch tilt box. It 
seems possible that the radical difference 
in apparatus may render the two sets of 
data noncomparable at this stage. 

Food and Water Deprivation. Here 
Lockard suggests that “a ‘deprivation’ 
effect may occur but shows no impres- 
sive consistency across studies.” Con- 
siderable consistency can be introduced 
if the studies are divided on the basis 
of those including operant pretests be- 
fore light-onset trials (Davis, 1958; 
Kling, Horowitz, & Delhagen, 1956; 
Premack & Collier, 1962; Segal, 1959), 
three of which (Davis, Premack, & Col- 
lier, & Segal) showed significant depri- 
vation effects, as against the studies of 
Forgays and Levin (1958) and Wilson 
(1962), neither of which employed pre- 
tests and neither of which showed the 
effects of deprivation. The results of 
Kling, Horowitz, and Delhagen (1956) 
were derived from small groups, 40 
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Kling is reported by Davis (1958) as 
having found significant deprivation ef- 
fects, but the conditions of the second 
experiment are not stated. In the re- 
maining study Hurwitz and De (1958) 
did not employ pretests, or a satiated 
group, and used lengths of deprivation 
not used in other experiments. For the 
latter reason their results do not con- 
flict with those of other studies, as is 
implied by Lockard, but suggest only 
that the function is probably a com- 
plex one. 

A serious defect in the above analysis 
is that those studies showing negative 
results included neutral levers, or ran 
deprived rats under operant conditions, 
whereas the studies showing positive 
effects did not include these controls. It 
is suggested, however, that the evidence 
both here and elsewhere is sufficiently 
strong to warrant consideration of the 
pretest variable, and that the problems 
within this field can be resolved em- 
pirically and do not necessitate the es- 
tablishment of conventions. 

Efjects across Time. In discussing 
these effects Lockard does not mention 
the clearly established effects of inter- 
session interval, exhaustively investi- 
gated by Premack and Collier (1962) 
whose results demonstrate that LCBP 
is an increasing function of time be- 
tween testing sessions. Further, he dis- 
misses data relating to the adaptation- 
time hypothesis and the effect of pre- 
tests without adequate consideration. 
Appel and Hurwitz (1959) predict a 
fall from Day 1 to Day 2 in LCBP fol- 

lowing unconditioned operant pretests, 
familiarization. Of the studies examined 
15 support this prediction, although in 

1 cases the decline is not indicated 
Segera, Appel & Hurwitz, 1959; 
as significant (APP s i 

& Symmes, 1963; Davis, 1958; 
Barry & 61: Forgays & Levin, 1959, 
Ehrlich, Gir dner, 1953; Hurwitz, 


5 IIT; ; Sa 
on Hurwitz & Appel, 1959; Kling, 


Horowitz, & Delhagen, 1956; Leaton, 
Symmes, & Barry, 1963; Marx, Hender- 
son, & Roberts, 1955; Premack & Col- 
lier, 1962; Roberts, Marx, & Collier, 
1958; Robinson, 1959-60; Stewart, 
1959). Two studies do not support the 
hypothesis. In the first, Forgays and 
Levin (1959, Groups I and II), the 
complexity of the reinforcement con- 
tingency (a 5-second light onset on de- 
pression of one of two levers) may be 
responsible since the same experiment 
shows the effect in another group (III) 
where the contingency was simpler. 

Premack and Collier (1962) report 
two discrepant results. In Experiment 
IIB of their series a group tested every 
48 hours showed an insignificant rise 17 
LCBP over days. Since long intersession 
intervals are known to raise LCBP, and 
other studies have used shorter intervals 
(24 hours), this variable is probably re- 
sponsible for the result; although the 
finding may still require the adaptation- 
time hypothesis to be modified. In the 
other discrepant instance, Experiment 
IID, dark-maintained rats showed 2 
rise in LCBP from Day 1 to Day 2 of 
testing. It is possible that this result 15 
partly a function of the low response 
rate shown by these animals. 

The prediction implied by Appel and 
Hurwitz (1959), that when adaptation 
trials are not included in the design of 
an experiment a rise from Day 1 t0 
subsequent days will be observed, 1$ 
borne out by five of the eight relevant 
studies (Forgays & Levin, 1958, 1961— 
Distributed group; Hurwitz, 1956; Lea- 
ton, Symmes, & Barry, 1963; Levin & 
Forgays, 1959). Of the other three stud- 
ies, Forgays and Levin (1961, Massed 
group) showed a nonsignificant decreas® 
over blocks of trials. This result is PTO” 
ably accounted for by the fact that 
animals were run on a 1-hour interse 
sion interval. However, both Henderso” 
(1957) and Roberts (1962) show a d° 
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on Ho arhont intersession intervals. 
nA = ts are difficult to accommo- 
TA a oi case is there any clear 
‘tis ean can account for the differ- 
Ween these and other studies. 


ies of Light-Reinforced Bar Press- 
eo Effects. Lockard (1963) 
Othe i against die fi 
5151” b pothesis is convincing [p. 
re A ut does not discuss most of the 
potic. eh supports it. The hy- 
and hene uggests that increased activity 
abou L e increased LCBP is brought 
gea 7 Fg stimulation (Leaton, 
Tighe tue, Barry, 1963; Lubow & 
fg, fone Nash & Crowder, 1960; 
acquisi. a ). Lockard suggests that in 
Y is ce ag hypothesis is ruled out 
elhagen ee Kling, Horowitz, and 
is ala 956) who tried to control 
control te se effects by using a yoked- 
rowder chnique. However Nash and 
tro] ioe utilizing a yoked-con- 
a Wcities ee that, although 
Met) and var n experimental (light 
A yoked controls were signifi- 
these oo 001) in an onset session, 
tinction ( renies disappeared under ex- 
quisition 4 = .50), suggesting that ac- 
ment, ie a not occurred. This experi- 
Stoups jes Lockard states used small 
Mals añ ployed 29 experimental ani- 
Suggests ‘ ee controls. This result 
Orcement sh an adequate test for rein- 
aa he rely on extinction data. 

= Cr line of $ es extinction data as a fur- 
n hypot eee against the facilita- 
hee redit ut does not discuss the 
ba suggest t within this area. The 
So Shown whe at extinction effects will 
(nse ight n between 10- and 20-re- 
anes nset pairings are permitted 


Q B 

Cpo Yder, ae 1961, Experiment IT; 

igeWaer, a 1, Experiments I, II, II; 
i; orris, Dyer, & Robinson, 


ri 
Owder, Wilkes, & Crowder, 


1960, Experiment I) or when a large 
number are permitted by including sev- 
eral onset sessions (Forgays & Levin, 
1958; Hurwitz, 1956; Wilson, 1962). 
A third group of studies falling midway 
between these two on the variable of 
number of onset trials shows no signifi- 
cant extinction effects (Barnes & Baron, 
1961, Experiment II; Crowder, Wilkes, 
& Crowder, 1960, Experiment II; Nash 
& Crowder, 1960). Two studies do not 
fit this scheme (Barnes, Kish, & Wood, 
1959; Kish, 1955). In both of these, 
more unconditioned operant pretests 
were included than in other designs. 
The results in this field taken together 
suggest a probable complex relationship 
between number of response onset pair- 
ings and responding in extinction with 
a possible interaction with pretest re- 
sponding. This relationship is not pre- 
dicted by the facilitation hypothesis or 
by Lockard’s preference theory. 

The final evidence which Lockard 
brings to bear on the facilitation hy- 
pothesis is that of Forgays and Levin 
(1959) who showed discrimination and 
reversal learning under light-onset con- 
tingency. Lockard suggests that the fa- 
cilitation hypothesis “could not handle 
a discrimination.” However it may be 
argued that when stimulation occurs 
following LCBP the animal will be 
touching, or will just have touched, the 
onset lever. Hence stimulation will fa- 
cilitate responses on, Or in the region of, 
the onset lever. This position is backe 
by the results of Crowder, Wilkes, and 
Crowder (1960) who demonstrated dis- 
crimination” in training sessions but 
showed no discrimination between levers 
under extinction conditions. 

The demonstration of reversal Jearn- 
ing does create difficulties for the an 
tation hypothesis which would ae 
an immediate shift to the Le pa 
lever rather than the gradual shift 


served. 
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Two further experiments, not cited by 
Lockard, demonstrate probable facili- 
tation effects and suggest problems for 
any reinforcement theory of LCBP. 
Thomas, Appel, and Hurwitz (1958) 
show a significant influence of lever size 
on responding in the light-onset situa- 
tion; Forgays and Levin (1959) show 
a significant influence of number of 
levers (two against one). 

While it is clear that facilitation ef- 
fects are not capable of explaining a 
large body of data, it is nonetheless sug- 
gested that their influence is sufficiently 
powerful to warrant close consideration, 
especially in relation to acquisition data. 
No writer has suggested that the facili- 
tation hypothesis can explain all the ef- 
fects noted in the LCBP situation. Fail- 
ure to consider these effects represents 
a major defect both at the experimental 
and theoretical level in this field. 

Stimulus-Change Hypothesis. In this 
section Lockard notes that, in general, 
light offset has not been found to be re- 
inforcing; and on the basis of this claim, 
and the weak evidence on effects of 
stimulus variation in rodent studies, he 
implies that the hypothesis does not 
provide a valuable approach to the data. 

Of the nine relevant experiments to 
date on the topic of light offset, four 
haye shown the effect. In all positive 
cases unconditioned operant pretests 
were included in the design (Barry & 
Symmes, 1963; Leaton, Symmes, & 
Barry, 1963; Roberts, Marx, & Collier, 
1958; Stewart, 1959). In the case of 
those experiments not showing the ef- 
fect, only Robinson included pretests 
(Barnes, Kish, & Wood, 1959; Hurwitz, 
1956; Robinson, 1957, 1959; Wilson, 

1962). Leaton, Symmes, and Barry 
(1963), in a parametric study, demon- 
strate that number of pretests is a cru- 
ial variable in revealing the light-offset 
= t. In view of this and the other evi- 
ase it would seem reasonable to sup- 


pose that Robinson’s results are a func- 
tion of one or more confounding vari- 
ables, of which pretest responding is one 
probable candidate. k 

It would seem apposite to note in 
view of this evidence, and in view of 
the fact that Roberts, Marx, and Col- 
lier (1958) demonstrated that light- as 
well as dark-reared rats would turn off 
a light, Lockard’s conclusion that the 
light-offset aspect of the Roberts, Marx, 
and Collier (1958) study could be 
classed with the light-aversion data is 
not justified (Lockard, 1963, p. 515). 
This constitutes an objection to Lock- 
ard’s preference theory, which is backed 
by evidence of Stewart (1959). In the 
offset situation she used lights of 01 
and 8.50 foot-candles, with light-main- 
tained rats, and showed a significant 
effect. 

The evidence as a whole therefore 
is against Lockard’s (1963) conclusion 
that “the stimulus-change position is 
rendered almost untenable by the light 
offset studies [p. 516].” Furthermore 
the evidence of Premack and Collier 
(1962), here in the section Deprivation 
of Light, suggests an interpretation in 
terms of stimulus change. 

Discrepancy Hypothesis. In his last 
discussion in this section, Lockard 
(1963) dismisses the discrepancy hy- 
pothesis as a contender. Two points 
arise: First, Lubow and Tighe (1957; 
P. 594) in fact found support for this 
hypothesis in that increases in intensity 
of stimulation were found to raise ac- 
tivity level, whereas Lockard suggests 
that they did not. Modified by these re- 
sults the hypothesis predicts the usual 
finding that light offset is less reinforc- 
ing than light onset (Robinson, 1959; 
Stewart, 1959), Second, the hypothes!s, 
in predicting on the basis of the “dis- 
crepancy between present stimulation 
and past stimulation” to changes in aC- 
tivity level (Lubow & Tighe, 1957), ca” 
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predict base level bar-pressing rates as 
a function of the discrepancy between 
Maintenance and static test illumina- 
tion. Response rates in LCBP would be 
Seen as a function of the interaction of 
these base rates, and response rate de- 
pendent on the direction of change in 
illumination contingent on response. A 
More sophisticated form of the discrep- 
ancy hypothesis has been applied in this 
field (Bevan & Adamson, 1962), but is 
not discussed by Lockard. This hypothe- 
Sls accurately predicts results not pre- 
sia by Lockard (Hurwitz, 1960), as 
vell as the results of Roberts, Marx. 
and Collier (1958). 

Conspicuous omission from the hy- 
Potheses considered by Lockard is the 
oe that light can be classed with 
oo such as food and water. This 
who, has stimulated several workers 
toa orientation warrants considera- 

» tor example, Barnes and Baron 
Forgays and Levin (1959, 
stat Kish and Baron (1962), and 
Pod and Hurwitz (1958), Further 
X sions include Berlyne’s (1960) the- 
th and Bindra’s (1959) formulation as 

€y apply in this field. 


CONCLUSIONS 


phe treatment of light-onset and light- 
ie by Lockard (1963, pp- 
Plica a has been discussed. He im- 
(3. eee the results were unsystematic 
ee ): it is suggested that in nearly 
et Case these results can be inter- 
pote] Ae terms of the effects of tem- 
for aie (or factors concerning the 
ikonei of responses emitted). Uncon- 
time : — pretests, or adaptation 
eprivati uenced results in studies on 
es fio of stimulus change, food 
interses €r deprivation, the form of the 
Sion performance curve under 

» and the occurrence of light-off- 
inet o Cement effects. In the case of 
ion data similar factors were evi- 
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denced here concerning the number of 
responses under the light-onset condi- 
tion, with a possible interaction with 
adaptation time. Intersession interval 
was noted as showing a systematic ef- 
fect on LCBP. These effects are in ad- 
dition to those of maintenance illumina- 
tion. It is suggested that discrepancies 
among results can be resolved without 
recourse to “apparatus standardization 
and procedural conventions [Lockard, 
1963, p. 514].” 

In considering theories covered by 
Lockard it was found that the facilita- 
tion hypothesis, the stimulus-change hy- 
pothesis, and the discrepancy hypothe- 
sis were all more strongly supported 
than Lockard had suggested. 

Much of the evidence described in 
this paper is beyond the scope of Lock- 
ard’s (1963) preference theory in its 
present form. Other evidence not re- 
ferred to in this paper creates further 
difficulties for the theory, for example, 
Crowder and Crowder (1961). Alterna- 
tive theories, such as Helson’s (1959) 
adaptation-level theory, the Bevan- 
Adamson (1962) theory of reinforce- 
ment, or Bindra’s (1959) novelty-reac- 
tions theory, seem to offer the oppor- 
tunity to integrate the work of Lockard 
and others in a relatively clear and de- 
tailed fashion, rather than dismissing 
much of it as merely capricious. 
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Kiernan has placed a weighty explanatory burden upon the preadapta- 
tion hypothesis. While it is true that some evidence favorable to the 


position can be assembled by study grouping, 
the preadaptation hypothesis actually has 


attributed to it. 


Kiernan’s comments (1964) consti- 
tute two messages, one diffuse and the 
other succinct. The diffuse message is 
that I gave little weight to or failed to 
discuss in detail a collection of phe- 
nomena and hypotheses within one of 
the six sections of my article (Lockard, 
1963). In an initial review of a for- 
merly undefined aggregate of briefly ex- 
plored effects and newborn hypotheses 
of the most tentative kind, the decisions 
on matters of depth, emphasis, and ex- 
tent of discussion are made by the re- 
viewer. At a time when there exists ex- 
treme disagreement about the “real rea- 
son” for the reinforcing effects of light 
and what more thoroughly explored 
phenomena this effect may be related 
to, it would seem unusual to admonish 
the reviewer with a list of minor ob- 
jections about the relative space allo- 
cated to some of the topics discussed. 
Furthermore, it is anachronous to base 
some of these objections upon evidence 
from articles appearing after the prepa- 
ration of my manuscript (Barry & 
Symmes, 1963; Kish & Baron, 1962; 
Leaton, Symmes, & Barry, 1963; Rob- 
erts, 1962). ae ta 

The succinct message which Kiernan’s 
(1964) article repeatedly delivers is that 

sorting studies on the basis of pre- 
adaptation trials, or none, will signifi- 
cantly reduce the apparent inconsist- 
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it remains to be seen if 
the explanatory power 


ency between experiments in the pres- 
ently puzzling areas of: 


studies on deprivation of stimulus change 
food and water deprivation, the form of Les 
intersession performance curve under eee 
and the occurrence of light offset . . . effec 
[p. 355]. 


This extended application of the Appel 
and Hurwitz (1959) hypothesis may, 
or may not, have the properties at- 
tributed to it. While a very few papers 
(e.g., Leaton et al., 1963) have clearly 
shown that dependent variables assume 
different values at different levels of the 
preadaptation variable, it would i 
quite an inductive leap to presume such 
sweeping organizational powers for @ 
multidimensional and continuous vari- 
able considered only in its dichotomous 
form. Too few LCBP-type studies m 
deliberately explored the effects of di 

ferent levels of adaptation trials ipo 
the phenomena Kiernan asserts o 
brought into harmony by considerat og 
of this particular procedural varia he 
and not some other. Furthermore, if t t 
preadaptation variable were so por 
one would expect it to figure meted 
nently in better understood ee 
ment situations and not to be unique t° 
light-controlled behavior. The preadaP 
tation hypothesis already existed in a 
literature, and T fail to appreciate W A 

contribution to science is made by US! m 
past studies as data and grouping thé 
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in an R-R manner to support a hy- 
pothesis. The issue is properly ap- 
proached with S-R procedures in the 
| laboratory, not with words and argu- 
ments. My own efforts to resolve be- 
tween-study discrepancies left the mat- 
ter open, for I did not wish to artificially 
Simplify a possible complex phenome- 
non, and I did not choose to gamble 
at a single procedural variable would 
harmonize the discord (Lockard, 1963): 


3 the general Picture is that any giv 
May find “an effect”; 


s } apparatus, 
nsity, adaptation trials—it is impos- 


account for the disagreement [p. 


of Light-Rein forced Bar Press- 


Kiernan fails 


to distinguish shar l 
Etween theori h Ri 


es purporting to explain 
-onset is reinforcing and 
ie ng that a particular vari- 
tion “oi effect in the LCBP situa- 
a ee a rat is put into a Skinner 
et a bar connected to a light, all 
erly aon behavioral effects 

In the journals should b 
Nonstrable under proper conditions. 
include adaptation trials, 
j discrepancy from 

» and all other treat- 


iew would extend in 
limits of behavioral 

my original 
ll short of this, the edi- 
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comments would indeed be apposite if 
the title of my article had been some- 
thing like “The Effects of Nonnutritive 
Variables upon Light-Reinforced Behay- 
ior.” Since the title and deñned content 
were “Some Effects of Light upon the 
Behavior of Rodents,” the article was 
principally concerned with the primary 
variables. It is by no means certain that 
the LCBP situation is the optimum con- 
text for a discussion of procedural ef- 
fects operating perhaps more clearly 
when reinforcers other than light are 
used. Until the reinforcer in the LCBP 
context is isolated, it may be unenlight- 
ening and premature to expend retro- 
active energy to conceptually organize 
the effects of secondary variables. Light 
seems to be a somewhat impotent con- 
troller of behavior, at times dominated 
by a number of other variables as pro- 
cedural variations and static variables 
shift the delicate balance among com- 
peting processes, Contrary to Kiernan’s 
inference, it is the experiments, not the 
phenomena, which are capricious. As a 
single example, it is known that light- 
controlled behavior varies with light in- 
tensity. Yet if one goes through the lit- 
erature paper by paper, it is possible to 
determine the actual intensity of illu- 
mination falling upon a subject in only 
about 10% of the papers. When a body 
of literature is in the primitive stage of 
disregarding accurate reporting of the 
levels of its primary variable, it would 
seem unlikely that separate competing 
weak effects would be partitioned 
through an exegesis of past research by 
historians, New, clever, and exacting 
experimental contributions of the future 
will reveal the underlying harmony in 
natural phenomena. 

The core problem of why the onset of 
dim light is reinforcing prompted the 
offering of the preference hypothesis as 
a provisional explanation. It states that, 
if the preference value of the stimulus 
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situation produced by responding ex- 
ceeds that prevailing as a consequence 
of not responding, response strength 
will exceed that of suitable controls. It 
is not a circular theory, for the prefer- 
ence values of stimuli are determined 
by preference-testing procedures before 
predictions about their reinforcing prop- 
erties are made. There are still many 
problems: for example, the effects of nu- 
merous variables upon preference be- 
havior are yet unknown. However, the 
preference hypothesis bears credibly 
upon explaining why dim ambient light 
is reinforcing when darkness is the al- 
ternative of not responding. It accounts 
for the usually negative light-offset find- 
ings, unites the LCBP studies with the 
older light-aversion research, takes into 
account light-history, predicts differ- 
ences between pigmented and albino 
strains, and subsumes more phenomena 
under a single hypothesis than other 
theories. It may be wrong, and it is 
surely incomplete; and if it is not sub- 
sumed under even more encompassing 
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formulations, behavioral science will 
have failed in its effort to formulate 4 
hierarchy of laws. 
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of participant’s 


k The concept of environment has been 
difficult one for psychologists to deal 

- The postulate that be- 
tion of the interaction 
environment is widely 
th its theoretical and 
implications have been ex- 
ma arton, 1961; Brunswik, 1956; 
h ach, 1957; Murray, 1938). Effort 
devoted to discovery of rele- 
IMensions of Personal variables 
mental € precise definition of experi- 
r t there have been 

efinitio elop multivariate 
Stil] 


Such studies h 
z devel op model, and have begun 
j "Porating enviro 
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tempts to operationalize the concept of “organ- 
dies of organizational behavior provide a number 


» and goal directions, Selected bibliography 


studies of organizations make possible the 
and climate variables, 


research design (e.g., Abelson, 1962; 
Sells, 1963a, 1963b). Models relevant to 
this problem of general psychology are 
emerging from the rapidly developing 
and multidisciplinary study of behavior 
of individuals in organizations, , 
The study of behavior of persons in 
organizations presents both a need and 
an opportunity for environmental anal- 
ysis. Analyses of organizational behavior 
have multiple origins. An example of 
the diversity of approaches may be 
termed the institutional-individual con- 
tinuum. Extremes on the continuum are 
represented by “classical” descriptions 
of organizations that derive their de- 
scriptive terms from formal, legalistic 
specifications (summarized by Strother, 
1963) and by contemporary conceptions 
whose descriptive terms refer _to the 
behavior of interacting individuals 
(Guetzkow & Bowes, 1957). Any seg- 
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ment of the continuum would, of course, 
have value in accounting for some ob- 
served events, and a given approach will 
handle some observations better than 
others. Not surprisingly, analyses focus- 
ing upon one end of the continuum are be- 
set by devils whose home is at the other. 
Formal models of the organization and 
its parts provide neat symbolic devices, 
but members of the organization often 
do not behave as the model says they 
should (March & Simon, 1959). On 
the other hand, attempts to predict 
what an individual will do on the basis 
of his own personal characteristics often 
lead to the reluctant conclusion that 
behavior depends in part on the situa- 
tion (Tagiuri, 1961). 

Evidence that approaches to organiza- 
tional behavior are coming together is 
summarized by Leavitt (1962a), who 
sees the emergence of “organizational 
psychology,” a new multidisciplinary re- 
search field that “views organizations as 
curiosities deserving of research; and is 
therefore as much concerned with the 
nature of systems and the nature of 
human decision-making as with any 
applied problems [p. 27].” A conse- 
quence of such a perspective is intensi- 
fied interest in human behavior as it is 
conditioned by organizational properties. 
and in organizations as they are ia 


fluenced by the behavior of their 
members. 
Organizational psychology offers 


unique opportunity for the study of 
environmental variation. Observers of— 
and participants in—organizations have 
noted differences in organizational per- 
sonality or climate (Dill, Hilton, & 
Reitman, 1962; Gilmer, 1961), and some 
have written narrative descriptions 


reminiscent of early descriptions of- 


personality types (e.g, Gellerman, 
1960). The development of formal 
Š ecification and measurement of such 


variation is a task of as much relevance 


to general psychology as to the specific 
study of organizations. An organization 
has several properties that make it a 
particularly appropriate focus for study- 
ing environmental variation: (4) The 
organization represents a component of 
the environment of behavior known to 
be influential on certain subsets of be- 
havior. (b) The organization is bounded, 
at least in a relative sense; a company 
or a department can be identified un- 
ambiguously. And (c) there exist sources 
of information about an organization— 
in the form of records, statistical sum- 
maries, perceptions of participants, OF 
ganization charts and the like—that 
provide potential data for characterizing 
the personality of the organization. 
What to call the desired conceptually 
integrated synthesis of organizational 
characteristics has been a problem ae 
many researchers. The term organiza- 
tional climate has been used by several 
of them, although the term means dif- 
ferent things to different writers. We 
shall use the term in this paper to reten 
to the set of characteristics that describe 
an organization and that (4) pity 
tinguish the organization from other 
organizations, (b) are relatively endur- 
ing over time, and (c) influence the Bi 
havior of people in the organization: 
These defining properties were chose? 
in the effort to focus discussion uP? 
features of organizational variation that 
are amenable to specification, measure 
ment, and incorporation into empirica 
research. 
_ Work on the problem of conceptual- 
izing variation in climate has been dor? 
on many fronts. Relevant studies are 
found in the literature of psychology? 
sociology, administration, and education” 
This paper reviews a number of thes? 
efforts, but is in no sense a survey 1”? 
pertinent literature is too diffuse S 
make such an attempt profitable j 
present. Rather, we have searched fo 
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Converging conclusions from samples of 
diverse approaches to the problem and 
have Concentrated on studies in which 
Variation in both climate and individual 
ehavior was considered. Among the 
questions to be discussed are: How can 
Organizational climate be measured? 
‘Aat dimensions of climate are mean- 
ingful? What kinds of relationships be- 


t : é 
Ween climate and behavior may be ex- 


pected? What do such relationships 


i $ 

poe Concerning the operation of or- 

a orations What directions do these 
cepts suggest for future research? 


Mr ` 
[EASUREMENT OF ORGANIZATIONAL 


VARIATION 


co i esteem problem confront- 
is. similer tent of organizational climate 
od a Some Tespects to that of 
Selon ca gist studying individual be- 
as a“ i e problem may be conceived 
Organizations Ẹ constructing tests for 
Systematic S, and thus involves the 

i nbservation of the behavior 
in, a vi lons, As in individual test- 
or makin fe variety of possible ways 
SerVationg” bs € required systematic ob- 
Sive obser Pproaches include: inten- 
ASsessme ‘vation in “field” situations, 
tions nts of perceptions of organiza- 


o aee 
tion 2 Yganization members, observa- 
an Jective or 


nd expen ganization properties, 
ti mental i i 
Ona] Properties variation of organiza- 
D; 
telq Studies 
Tat 
On, 


ensi : 
Boing aay Observations of the actual, 
Drovig a Ivities of organizations may 
Cel fop ths pn with a sensitive 

eames s 

ndi i Sanization’s climate, and, 
T ee the skill of the ob- 
F nization, punicable model of the 
ist ‘i Ormation aaa The sources 
bse o server able to the natural- 

Tati ns are almost unlimited— 


o : a 
Conferences, interviews 


Or 


with participants, diaries kept by par- 
ticipants, departmental memos, records 
and correspondence, and the history of 
the organization, to name only a few— 
and a wealth of descriptive material has 
been obtained in this way. Much of this 
material comes from case studies of 
single organizations. While hypotheses 
may sometimes be generated from such 
studies, an understanding of the effect 
of climate requires studies that system- 
atically examine variations of climate as 
they influence the behavior of partici- 
pants. Two approaches to the observa- 
tion of climate variation have been (a) 
examining behavior in contrasting or- 
ganizations (comparative studies) and 
(b) studying the effects of changing 
conditions in a single organization 
(longitudinal studies). 

Designs for comparative studies have 
reflected varying perspectives of investi- 
gators. Two polar types of design will 
serve to illustrate the approach: the ex- 
perimenter may begin with organiza- 
tional systems that differ observably in 
properties hypothetically relevant to in- 
dividual behavior, and look for differ- 
ences in actual behavior; or he may 
focus upon groups whose behavior is ob- 
served to be contrasting and look for 
organizational correlates of that varia- 
tion. The former design is illustrated by 
Barnes’ (1960) study of two engineer- 
ing work groups. The groups were ap- 
proximately equal in size and had simi- 
lar duties, but one was characterized by 
a “closed” authority system—tight con- 
trol, low member autonomy, few oppor- 
tunities for interaction of members, etc. 
—while the other presented a contrast- 
ing “open system.” Other climate di- 
mensions that have been chosen to de- 
fine contrasts in field studies are 1n- 
formal social relations in small work 
groups (Blau, 1954), democratic ver- 
sus authoritarian management policies 
(Stanton, 1960), and interdependence 
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of employees in a work group (Vroom 
& Mann, 1960). 

The second approach—investigation 
of organization correlates of observed 
differences in behavior—was taken by 
Dill (1958) ina study of two firms that 
differed markedly in the degree of per- 
sonal autonomy of their members, as in- 
dicated by differences in perceived au- 
tonomy and in observed conference be- 
haviors. The two firms were found to 
differ both with respect to task environ- 
ment (inputs of information from ex- 
ternal sources, e.g., stability and homo- 
geneity of customers, suppliers, com- 
petitors, and regulatory groups) and 
with respect to internal restraints char- 
acteristic of the firms themselves (e.g., 
stress on formal rules and procedures, 
top management involvement in routine 
activities). 

An example of a longitudinal study 
of a single organization is provided by 
Argyris (1958). From a model of the 

process by which the climate of an or- 
ganization evolves from input variables 
(e.g., hiring process, formal policies, 
leadership style) Argyris generated and 
tested hypotheses about what would oc- 
cur in a particular organization under 
particular conditions. The hypotheses 
concerned, for example, what would 
happen if an officer who is not the right 
type (ie., the type congruent with the 
climate) is appointed, if employees are 
requested to communicate their true 
feelings, and if officers are asked to 
diagnose the organization’s human prob- 
lems. 

The richness of information available 
from field studies carries with it some 
serious disadvantages, notably the prac- 
tical expense, demands upon the skill 
and sensitivity of the observer, the im- 

practicality of obtaining a “sample size” 
of more than two or three organizations 
and, perhaps the most serious disadvan- 


tage, the inherent subjectivity of the 
coheed 


classifications. Each of the remaining 
methods discussed here attempts to 
overcome one or more of these disad- 
vantages, at the expense of detailed im- 
pressions. 


Perceptions of Participants 


Theoretical conceptions of the rela- 
tionship of organizational properties to 
individual behavior often emphasize the 
role of perception of organizational 
properties as intervening variables. For 
example, Likert’s interaction-influencé 
model assigns central importance to Or- 
ganizational characteristics as they ate 
perceived by the individual. The causal 
variables (structure, objectives, supe! 
visory practices, etc.) interact with per- 
sonality to produce perceptions, and it 
is only through perceptions that the re- 
lationship between causal and end-result 
variables may be understood (Likert, 
1961, pp. 196 ff.). This point of view 
suggests the measurement of climate 1m- 
directly via the perception of the indi- 
viduals whose behavior is being studied. 

Another argument for assessing OF 
ganizational climate by means of par- 
ticipant’s perceptions is that such por 
ceptions are based upon experience tha 
is both more extensive and more 1- 
volved than that of an outside observe" 
The developers of the College Charac- 
teristic Index (CCI) (Pace, 1962; Pace 
& Stern, 1958) make this rationale &* 
plicit: 


In answering the CCI, students act 35 sty 
servers, saying what they believe is genet? s 
true or not true of their college. The pee 
refer to a wide range of topics—rules Eee 
regulations, facilities, student-faculty relation 
ships, classroom methods, extra-curricular @ 
tivities, etc. The argument is that all thes 
characteristics and events and practices, ® the 
together, constitute an educational press 0” e- 
awareness of students. The aggregate amar 
ness of students about their college envit? t 
ments constitutes a press in the sense of exer 
ing a directive influence [Pace, 1962, P- 4 1. 
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The CCI is one of a few inventories 
designed to assess a range of dimensions 
of climate. It contains 30 scales based 
upon Murray’s concept of environmen- 
tal press. The scales are named in terms 
of Murray’s classification of needs, and 
include press toward humanism, impul- 
Son deliberation, and reflectiveness. 
Thistlethwaite (1959, 1960) rescored 
the CCI to define scales reflecting fac- 
uiy behavior as distinguished from stu- 
P behavior. Hemphill (1956) has de- 
eg another set of scales for meas- 

Fae pre wig of group performance. 
Wider scales, based on factor-analytic 

„8S, Include measures of control, sta- 
ity, and intimacy. Í 
a Investigators have developed 
oti based measures of specific 
cific Cts, for purposes of testing spe- 
snd oe For example, Forehand 
obtained Pao (1962; Forehand, 1963) 
cepti easure of executives’ per- 
f “rule centered- 
&roup centeredness” of their 
Sisane ns by having subjects report 
that they = to administrative problems 
cally = fe eee would be most typi- 
is dahi ae in their organizations. 
Cessity = Orter (1961) assessed ne- 
ee ae work-group cooperation by 
son,» Cf Judgments b i 

nnel fami S Dy supervisory per- 

(1951 os lar with the work. Pelz 
pith hp die employee behavior 
the dere AE ee infinetce, 
a “ped me of Supervisor’s “in- 
X ich his ena social environment in 
pom $ Siero were functioning” 
A k is Voice es reports concern- 
4; 4 SUpervisg, cisions made by his 
his Superson of formal contact 

adi čðSures eae and his salary. 
Ntages ini on perception have 
3 Aok research convenience, and 
Wn ri theoretical meaning in thei 
acte ibt, but in aning in their 
istics such a measure char- 
the individual and the 


are confounded. As Sells 


fganizatio 


(1963a) has pointed out, analysis of the 
interaction between person and situation 
will require independent identification 
of the variation in each. For such analy- 
ses, it will be necessary to define organi- 
zational variation in terms of objectively 
observable measures, or to develop 
means of systematically manipulating 
organizational properties. 


Objective Indices 


There have been several attempts to 
examine objective properties of organi- 
zations, properties easily and reliably 
obtainable from records. Several studies, 
for example, have been concerned with 
organizational size as a variable (Baum- 
gartel & Sobol, 1959; Talacchi, 1960; 
Thomas, 1959). In a study of factors re- 
lated to accidents, Sherman, Kerr, and 
Kosinar (1957) examined a long list of 
organizational variables, including union 
representation, extent of employee par- 
ticipation in incentive and profit-sharing 
plans, extent of seasonal layoffs, and the 
nature of the plant vicinity. 

This method affords the possibility of 
studying a wide variety of organizations 
(e.g., the Sherman, Kerr, and Kosnar 
study included 147 plants), with conse- 
quent advantages for studying the gen- 
erality of the conclusions. The principal 
difficulties of the procedure are the same 
as those confronted by the psychologist 
studying individual personality—the 
variables that may be examined are too 
numerous and too specific to be readily 
interpreted. Studies that examine in iso- 
lation specific objective properties of an 
organization leave unanswered the ques- 
tions of how the properties are related 
to one another ‘and how they are related 
to useful constructs of organizational 
functioning. 

Evan (1963) has outlined an ap- 
proach that has considerable promise 
for giving meaning to objective indices. 
Rather than taking administratively de- 
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fined measures as given, he begins with 
an abstractly defined concept that has 
hypothetical relevance to behavior and 
suggests ways of constructing indices to 
reflect that concept. Specifically, Evan 
has worked with the concept of degree 
of hierarchical organization. He postu- 
lates that “different degrees of hier- 
archical organization have different con- 
sequences for total and partial social 
systems,” and outlines several indices of 
the hierarchies of skills, rewards, and 
authority in organizations. Suggested in- 
dices of the authority hierarchy, for ex- 
ample, involve (a) ratio of higher level 
supervisors to foremen; (b) number of 
levels of authority from top manage- 
ment to workers; (c) ratio of adminis- 
trative to production personnel; (d) the 
ratio of maximum to minimum time 
span of control—that is, the length of 
time an employee is authorized to make 
organization-committing decisions on his 
own initiative; (e) degree of decentrali- 
zation of defined classes of decisions; 
and (f) the number of echelons for 
which “procedural due process of law” 
has been institutionalized. Such an ap- 
proach to organization measurement has 
the valuable effect of rendering the cri- 
teria of construct validity, particularly 
the ideas of convergent and discriminant 
validity (Campbell & Fiske, 1959), ap- 
plicable to organizational measurement. 
Another approach, taking a cue from 
differential psychology, applies multi- 
variate statistical techniques to the 
analysis of organizational properties. In 
one such study, five situational charac- 
teristics of 72 wholesale warehousing 
divisions of a single firm were examined. 
The variables—size of work force, city 
size, wage rate, unionization and per- 
centage of male employees—were found 
to be considerably intercorrelated and 
defined a single factor in a factor analy- 
sis. The factor was interpreted as: 
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degree of urbanization of the setting in which 
the division is located, low urbanization hank 
represented by relatively small comma 
population, few employees in the divisi pi 
lower wages, absence of a union, and Bye 
proportion of male employees [Katzell, Ba: 
rett, & Parker, 1961, p. 67]. 


Palmer (1961) analyzed measures of 21 
organizational conditions (e.g. pension 
plan, recreation facilities, quality com 
trol methods) and 9 personnel pohani 
iors (e.g., productiveness, lateness, ie 
over) in 188 manufacturing firms. i 
variables could be accounted for by 
eight orthogonal factors, of which ae 
denoted retirement welfare, size of T 
force, thrift benefits, insurance bene 4 i 
and theft versus discounts—were se 
fined by both organizational and 
havioral measures. 


; 5 imate 
Experimental Manipulation of Climat 


Two characteristics of the organ a 
tional climate have been assumed = Iti- 
foregoing discussion: that it is E is 
dimensional in nature, and that 1t a- 
characteristic of an existing oiea 
tion, built upon factors beyond aie 
vestigator’s control. We have thus ta dli- 
of discovering rather than ranting E 
mate, although some investigators f se- 
envisioned the eventual possibility 0 fit. 
lecting climates for maximum nant 
As a research device, the idea of jda n 
fying relevant dimensions of climate = . 
varying them systematically has ape f 
This would permit a clear-cut tes ad- 
interaction hypotheses, among other 
vantages. 

Such a strategy, applying to ti t, Í5 
cept of climate as we have defined 1? it 
far from ready to þe put to wor"; 
there are several lines of effort that ile 
vide relevant models, The most desai 
and voluminous work on the eP 
mental control of social variables yi 
involved small groups, Golembie ase 
(1962a, 1962b) and Leavitt and 


e con- 
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(1964) have recently surveyed litera- 
ture in this field with its relevance to 
organizations in mind; although, as the 
latter investigators point out, “extra- 
Polations from small group data [to 
large organizations] have been free and 
easy.” The sroup properties singled out 
by Leavitt and Bass as potentially rele- 
vant to organizations are group ma- 
turity, size, group composition (homo- 
Seneity, cohesion, mutual esteem), and 
Seographical distance. Golembiewski’s 
meer reviews could be interpreted to 
Uggest some 15-20 variables that might 
el experimentally, although they 
he are defined in other ways in small 
Stoup studies, Examples are structural 


Mtegration g] 
St 7. ~ 
thr t » Status congruency, task, and 


Grou 


Rent ap experiments most clearly rele- 


Rime S question about climate have 
‘iu rom two traditions. One is the 
(Ge, of communication networks 
al & Glaser, 1961). These experi- 
Mitte et variation of both the per- 
of indi Pattern of communication and 
Hi vidual Position in the pattern. 
z realistic” situations can be de- 
A this way; in a sense the ex- 
ganizat er actually “creates” an or- 
Bea (Guetzkow & Bowes, 1957). 
tions . as the most extensive examina- 
ties ts en of organizational proper- 
R eveloped from the “human 
at emp radition in management. In 
Super to demonstrate the relative 
Partici rty or inferiorit 
: ative, em 
«practices, 
ng organiz 
€vised 
Stug; . 
tudies here a 


y of democratic, 
ployee-centered leader- 
Ingenious methods of 
ational properties have 
erhaps the most relevant 
of ead € those that build on the 
Cen 4 esearch on leadership 
ad Whose Ippitt, & White, 1939) 
desig experimental conditions are 
reflect realistic character- 

Plex organizations. 
ese experiments have ap- 
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proached the problem of realism by 
simulating organizational activities. For 
example, Kidd and Christy ( 1961) 
studied effects of several supervisory 
practices (laissez faire, direct partici- 
pant, and active monitor) on produc- 
tivity in a simulated air-traffic control 
center. In a well-controlled study, Day 
and Hamblin (1961) constructed a fac- 
torial design involving combination of 
close versus general supervision and 
punitive versus nonpunitive supervision 
in a simulated assembly-line situation. 
The independent variables were opera- 
tionally defined by controlling the num- 
ber of instructions given by supervisors 
and the number of sarcastic, negative, 
status-deflating remarks made by the 
supervisors, and by careful training of 
supervisors in the playing of their roles. 
Several classic studies conducted by 
the Institute for Social Research have 
attempted experimental control of or- 
ganizational variables in actual ongoing 
organizations. Coch and French (1948) 
varied the manner in which work groups 
were involved in a change in jobs. Ex- 
perimental groups participated in de- 
cisions regarding the need and nature 
of job changes, with varying degrees of 
totality of participation in the planning, 
while a control group was instructed to 
carry out plans developed by the pro- 
duction department. In a further varia- 
tion, participative treatment was intro- 
duced into the control group at a later 
time, and the production of this group 
before and after the change was con- 
trasted. Morse and Reimer (1956) 
varied conditions of supervision in an 
organization by training supervisors in 
one group of offices to delegate and de- 
centralize, and those in a similar group 
of offices to exercise closer supervision 
over employees. A 
An approach that has promise lies 
somewhere between the manipulation of 
existing organizations and the creation 


368 GARLIE A. FOREHAND AND B. VON HALLER GILMER 


of laboratory group situations. It in- 
volves the simulation of complex or- 
ganizational activity, varying factors 
that are more complex than those of the 
experimental situation and less complex 
than those of the real organization 
(Guetzkow, 1962). Simulation has been 
used most often to date for purposes 
other than environmental variation: to 
provide a controlled context for train- 
ing (Cohen & Rhenman, 1961), a con- 
stant background for the observation of 
behavioral processes (Chapman, Ken- 
nedy, Newell, & Biel, 1959), or con- 
stant conditions for the evaluation of in- 
dividual performance (Hemphill, Grif- 
fiths, & Fredericksen, 1962). Simulation, 
however, offers a useful opportunity to 
vary some aspects of an organization 
while holding others constant, and for 
observing the effects of such variation 
on behavior. Bass (1963), for example, 
has developed simulated manufacturing 
organizations in which complexity of 
line-staff organization, among other 
properties, can be varied. Bass studied 
such variations with respect to both 
groups’ productive efficiency (sales, 
costs, profits) and individual reactions 
(satisfaction, communication, style, and 
interpersonal relations). 


EFFECTS OF CLIMATE 


The literature would profit from sur- 
veys both of studies of dimensions of 
organizations (along the lines of the 
Golembiewski, 1962b, analysis of small 
group dimensions) and of studies of the 
effects of organizational variables (along 
the lines of the Thomas and Fink, 1963, 
review of the effects of group size). In 
this section and the next we have set 
for ourselves somewhat more modest ob- 
jectives: an examination of some pos- 
sible mechanisms by means of which cli- 
mate might affect behavior, and of some 
classes of variables that will need to be 
considered in any attempt to define di- 


mensions. This strategy stems in part 
from the difficulty of assembling—or 
even finding—the relevant literature. 
But it may also be argued that such ae 
approach is a necessary component o 
any attempt to get order into this mi 
For example, one of the iew Baa 
hypotheses concerning organizationa 
variation that has been investigata 7 
with any degree of thoroughness mig? 
be stated as follows: An organization in 
which personnel policies are panan 
tive, democratic, unstructured, will di 
fer from one whose practices are nO 
participative, authoritarian, or aire 
tured in that productivity, and employe’ 
satisfaction will be higher. There is ev! 
dence in support of this hypothesis 
much of it summarized by m 
(1961). There is other evidence ha acne 
hypothesis may be true for satisfac K 
but not for productivity (Blau & aa k 
1962; Morse & Reimer, 1956), and gol 
it may be true for some jobs Or —_ 
parts of an organization, but not F 
others (Leavitt, 1962b). Uncertainty 
about whether the hypothesis is gen© 
ally true, or if not, when it is true a 
when it is not, will have to prevail ere 
certain questions are asked. First, w ‘i 
organizational properties differentiate 
structured from a nonstructured pin 
ronment? Barnes’ (1960) open nents 
Morse and Reimer’s (1956) areal 
zation of authority, and Day and T ml 
blin’s (1961) general (as oppose iis 
close) supervision are interpreted T 
larly but are defined by widely differ! i 
operational criteria. Can we assume ty 
they have some organizational proP© el 
in common to a degree sufficient tO re 
mit comparison of their effects? T ni- 
questions concern dimensions of orea 
zational variation and are consider" 
further in the next section. The er ch 
question is: Why should we expect a 
an organizational property to have n 
an effect? With respect to the SP° 
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hypothesis stated above, answers to the 
question seem to rest more often on 
ideological than on theoretical grounds. 
The question of the way in which the 
environment impinges on the individual 
to affect behavior needs to be asked if 
the hypothesis is to have significance 
beyond its application in a specific con- 
text. 
; Two Kinds of influence may be dis- 
tinguished. A particular organizational 
Property may influence the behavior of 
all or almost all members of the organi- 
zation. This kind of relationship will be 
termed “direct influence”: The general 
i pSthesiş of direct influence is that 
Ys ia behavior under one organiza- 
oe condition will differ from that 
€r another. The second kind of in- 
hee which will be termed “interac- 
i ei exists when an organi- 
shag condition has a certain effect 
eraser behavior of some independent 
è able persons, but another effect, 
no effect, on that of others. 
the ot of studies have examined 
variabli. a of particular organizational 
iais a ut few attempts have been 
in ia ither before or after the data are 
res Posit a mechanism for such influ- 
fine ao results, therefore, give 
mechanism ag a the nature of such 
al vas er he following classification 
avioni which climate may affect be- 
clarify T an attempt to formulate and 
fects ie ee concerning such ef- 
results ai ene that available 
Bories Ge ol all neatly into the cate- 
fect baha a ational climate may af- 
which Pi oy by: defining the stimuli 
Constraint oe individual, placing 
chavior, l the freedom of choice 


ishi nd/or rewarding an > 
mg behavior. Aiia 


Def one 
"tion of Stimuli 


f behav; 
i avi PER 
€S determi Or of organization members 


ned in part by their percep- 
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tions of the organizational environment, 
as several observers (e.g., Likert, 1961) 
have postulated, then behavior will be 
influenced by variations in the objects 
or events available to be perceived, that 
is, in stimuli. One difficulty in examin- 
ing such effects is that of specifying the 
meaning of stimulus in a complex situa- 
tion. Arnoult (1963) has described a 
social stimulus, in response to Gibson’s 
(1960) questions, as follows: 


(a) it may have motivational properties; (b) 
it is the occasion rather than the cause of a 
response ... ; (c) it must frequently be de- 
fined in terms of the response it elicits; (d) it 
exists in the environment and not just at the 
receptors; (e) it can be a pattern or sequence 
of events; (f) its structure must often be in- 
ferred from the structure of the response 
which it elicits; and (g) it carries information 
about its source in the environment [pp. 19- 
201. 


Thus defined stimulus variation is essen- 
tially equivalent to environmental varia- 
tion as we have discussed it here. Other 
investigators have also approached the 
entire problem in terms of stimulus 
properties of the situation (Helson, 
Blake, & Mouton, 1958; Rosenbaum, 
1956; Sells, 1963c). The emphasis of 
this section is on Property b of Arnoult’s 
classification and here we are concerned 
with ways in which organizational varia- 
tion brings about variation in the oc- 
casion of a response. 

The physical properties of organiza- 
tional situations are recognized more or 
less explicitly in systems research. Chap- 
man et al. (1959), for example, out- 
lined procedures used in the experimen- 
tal evaluation of an air control system 
for presenting stimuli, controlling ex- 
traneous stimuli, and directing the at- 
tention of subjects. Stimulus elements of 
machine design have been a classical 
focus for research on man-machine sys- 
tems (Gregg, 1961). 

A second, and more complex, set of 
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occasions for response consists of the 
task-relevant information available to 
the individual. The likelihood that in- 
formation is differentially distributed 
among members of an organization is 
suggested by Cyert and March’s (1963, 
pp. 101 ff.) model of the organization 
as a communication system. One of the 
functions performed by operating pro- 
cedures in such a system is the distribu- 
tion and condensation of information 
that comes into the organization. The 
effect of social structure upon the trans- 
mission of this information is illustrated 
by Blau’s (1954) study of interviewers 
in an employment agency. Competitive- 
ness among work group members— 
which varied with “climate” conditions, 
such as security of employment, oppor- 
tunity for development of a common 
professional orientation, and supervisory 
evaluation procedures—was manifested 
most clearly in the hoarding of informa- 
tion concerning job openings: members 
of the more competitive group resorted 
to various illicit means to withhold such 
information from their colleagues, in an 
effort to maximize their comparative 
record of job placements. Similar infor- 
mation-withholding practices have been 
observed by Argyris (1962). One source 
of behavioral effects of variations in in- 
formation transmission is the likelihood 
that, regardless of the motivational and 
freedom-of-choice variables in a situa- 
tion, some behaviors never occur be- 
cause the stimuli that would elicit them 
are never presented. Another js sug- 
gested by evidence that one’s expecta- 
tions and evaluation of his own perform- 
ance are influenced by information about 
the expectations and evaluation of co- 
workers (Neimark & Rosenberg, 1959; 
Rosenberg & Hall, 1958; Zander & 
Curtis, 1962). : 
A third subset of stimulus elements 
that depend upon climate variables in- 
cludes the behavior of individuals and 
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social interactions within the organiza- 
tion. Organizations may define certain 
patterns of behavior to be appropriate, 
as discussed below, and thus restrict the 
social stimuli available to organization 
members. Studies of interpersonal per- 
ception have indicated that social Jude. 
ments are influenced by a number 0 
properties of the perceived, including 
status, role, and visibility of the trait to 
be judged (Costello & Zalkind, 1963, 
pp. 46-47). All of these properties can 
be influenced by organizational climate; 
the visibility variable will serve as an 
illustration. Goffman (1959) suggests 
that the stimulus qualities of a person’s 
behavior result from a more-or-less cous 
Scious role-taking strategy. An organiza- 
tional rule of thumb that limits or de- 
fines appropriate role-taking DR 
(e.g., formality of relationships wi 
subordinates) might, therefore, suppress 
or heighten the visibility of a particular 
behavioral cue. P 
There is, of course, much ae 
that perceptions are influenced by ay 
ties, values, and personality traits of t n 
perceiver (Bruner, 1958; Costello f 
Zalkind, 1963, pp. 45-46; Taft, 195 ) 
and by his organizational role (Dear 
born & Simon, 1958). Individuals are 
thus expected to be differentially sensi- 
tive to organizational stimuli, and a 
variation in organizational and phe: 
variables is observed simultaneously, y 
might expect to find interactions. For 
example, ability to perceive subtle varia 
tions in standard operating procedu 
sources of influence, and status may ! i 
more relevant to success as an adminis 
trator when information about u 
organizational characteristics is ma t 
available informally, inaccurately, OF p 
at all, than when it is disseminated be 
tematically in bulletins or memos. Ori 
source of conflict in organizations stem 
from uncertainty about organization” 
goals (March & Simon, 1959). An i” 
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formation transition system that pro- 
duces such uncertainty will increase the 
relevance of the personality character- 
istic that has been called uncertainty 
absorption—the capacity to set premise 
for the decision of subordinates and 
peers despite the ambiguity of the envi- 
Tonment (Guetzkow & Forehand, 1961). 
There could be many more examples; 
these serve to illustrate the interaction 
hypotheses that might be investigated 


y varying stimulus characteristics of 
Organizational climate. 


Constraints upon Freedom 


The stimulus conditions of the or- 
8anizational environment place bounds 
opon the set of behaviors that might be 
: nea, Within these bounds, there are 
= poal restrictions imposed by the 
A p and informal characteristics of 
a ation, in the form of routine, 
ae ‘onalized procedures, or of in- 
feria eh or unintended evaluation cri- 
“a ie place a premium on particu- 
(1964 sos solution to problems. Hauge 
cialis 3 or example, argues that spe- 

ation is a threat to diversity and 


fre i 
F um because it “spells a narrowing 
the alternatives.” 


Ment poo training effects of environ- 
tise ave been emphasized by theo- 
Concerned with creativity. Rogers 


Byna on example, maintained that 


Safety E Roon, psychological 
? nonevaluati 
are essential c ative atmosphere 


na onditions in the environ- 
Batons Creativity. Studies of organi- 


condi : ; 
ists work nditions under which scien- 


constrain Indicate that the extent of 

and that hee among organizations, 

factions 1t has an effect upon the satis- 

tists (y. and productivity of the scien- 
(Vollmer, 1962, 1963). 


% € Orig; : 
lie į Sih AS of such constraints often 


to enable fe and procedures designed 
e efficient conduct of com- 


plex organizational activities (Cyert & 
March, 1963) and for keeping dele- 
gated decision on the track of organiza- 
tional goals (Strauss, 1963). It is clear 
that such procedures are necessary, but 
also that they can have unintended con- 
sequences of ruling out certain kinds of 
behavior (March & Simon, 1959). There 
is evidence of variations in the degree 
to which organizations rely upon rules 
and procedures (Dill, 1958; Forehand 
& Guetzkow, 1962), and of concomitant 
variation in degree of autonomy of in- 
dividuals (Dill, 1958) and of satisfac- 
tions (Herzberg, Mausner, & Snyder- 
man, 1959), and for the general proposi- 
tion that “programmed activity drives 
out unprogrammed activity” (March & 
Simon, 1959). 

The most notable effect of such con- 
straints, however, may be interactive in 
nature. There is evidence from differ- 
ential studies (e.g., Crites, 1961) that 
individuals vary in their preference for 
constraining versus free environments. 
Thus the performance and satisfaction 
of individuals would depend upon the 
particular combination of person and 
environment. A number of studies pro- 
vide evidence of interactions between 
environmental freedom and_ personal 
traits. Forehand and Guetzkow (1962) 
found different patterns of correlations 
between test-measured characteristics 
and ratings of innovative behaviors in 
different climates. With supervisors’ rat- 
ings as a criterion interpersonal vari- 
ables such as dominance and need for 
aggression were most highly related 
in rule-centered organizations, while cog- 
nitive variables such as flexibility and 
sensitivity to problems were more highly 
related in group-centered organiza- 
tions. Barnes (1960) found differential 
relations between satisfaction and pro- 
ductivity in a closed versus an open sys- 
tem of work-group interrelations. Lodahl 
and Porter (1961) found that in small 
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(4-13 men) industrial work groups, 
homogeneity of members with respect 
to supervisory attitudes was related to 
productivity when necessity for work- 
group cooperation was high, but not 
when it was low or moderate. Thus, the 
importance of being like other people in 
the group depends upon an organiza- 
tional characteristic. , 

Another source of constraining influ- 
ence stems from outside the boundaries 
of the organization—from the cultural 
setting in which the organization func- 
tions. Haire, Ghiselli, and Porter (1963) 
found that managers’ attitudes toward 
management in different countries fol- 
lowed a pattern more closely associated 
with cultural variation than with de- 
gree of industrialization, which has fre- 
quently been posited as a determinant 
of attitudes. Thus, managers from Spain 
and Italy tended to agree more in atti- 
tudes toward management—despite their 
dissimilarity in degree of industrializa- 
tion—than did, for example, managers 
from Italy and Denmark whose degrees 
of industrialization are more similar. 
Dill (1958) has noted variations in the 
environment of organizations on a much 
smaller geographical scale, that is, within 
countries or even within cities, 

The effects of restraint of freedom are 
not always negative. Blau and Scott 
(1962) conclude from a review of com- 
munication studies, that a hierarchical 
organization may be more effective than 
a nonhierarchical organization in facili- 
tating the coordination of work because 
of the restriction in the flow of com- 
munication, while a nonhierarchical or- 
ganization is more effective in produc- 

ing new ideas. The establishment of 
functional roles in a group can also aid 
the attainment of group goals, while at 
the same time restricting the freedom 
of choice of individuals (Golembiewski, 


1962b). 


Reward and Punishment 


Two kinds of effects of stimulus re- 
striction and behavioral constraint have 
been assumed in the literature. In the 
first place, they have the result of se- 
lecting behaviors simply by permitting 
some possible responses and precluding 
others. It has also been assumed that 
these organizational properties have mo- 
tivating effects. The human relations 
emphasis, for example, has assumed that 
freedom from constraint will generally 
result in greater satisfaction. Several 
bases for motivating effects are plausi- 
ble. First, different organizational prop- 
erties carry differential opportunity for 
satisfying the values that employees 
bring with them into the organization 
(Vroom, 1960). Secondly, there is ae 
ing support for the hypothesis that T 
versity of stimulation is intrinsically 
motivating (Fiske & Maddi, 1961). a 
nally, the mechanism that has receive 
most attention in the literature is the 
capacity of groups and organizations to 
reward and punish behavior system 
atically. 

The power of the work group to re- 
ward and punish is illustrated in man 
studies. Among the properties of wor% 
groups that may serve a motivating 
function are cohesiveness (Likert, 1961) 
and congruence of attitudes (Blau ° 
Scott, 1962). Blau and Scott find Pad 
dence that behavior shifts from tha 
which accords with the individual’s ow? 
values to that which accords with = 
values of his work group, and interpre 
such shifts in terms of rewards and put 
ishments provided by the work group. 

Properties of larger organization 
units also have motivational effects: 
The findings of Herzberg et al. (1959) 
Suggest that such’ properties are mo 
likely to have a punishing than a T° 
warding effect. The factors most ofte” 
mentioned by the respondents as deter- 
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minants of dissatisfaction centered about 
the context of the job—for example, su- 
pervision and working conditions—while 
the factors determining satisfaction were 
more often characteristics of the job it- 
selfí—for example, the nature of the 
work, accomplishment, and responsi- 
bility. It should be pointed out that de- 
fense mechanisms affecting the percep- 
tions of respondents might account for 
this finding (Vroom & Maier, 1961). 
Among the hypothetically influential 
Properties of organizational reward sys- 
tems identified by March and Simon 
as Pp. 61 ff.) are: amount of re- 
ie » dependence of promotion and 
Onetary reward on performance, the 
aie operationality of criteria, and 
ependence of individual rewards. 
a “ee Variables may have both direct 
ing Interactive effects. For example, 
soi and Simon proposed (p. 70) that 
k ties among group members will 
indivi related to independence of 
iin ual rewards; observations of be- 
voo in zero-sum games support this 
esis (Blake & Mouton, 1961, 
group c Conditions that lead to intra- 
A E would be expected to 
on their » So Pees persons depending 
tiveness, al sen level of competi- 
ie ( 954), in fact, found 
ated to auc was re- 
Work ma ctivity in a competitive 


; up, but not in a i- 
tive work group, noncompeti 


co 


D 
—— OF ORGANIZATIONAL 
ARIATION 
W 


climate ave called organizational 
terms 9 as often been discussed in 
Sonality ee with individual per- 
Of the an 1 e validity and implications 
the analon 8y are discussed below, but 
Cussin, Sy is Particularly useful in dis- 
nization, problem of dimensions. Or- 
vi al behavior, like human be- 


i z 
? 1S characterized by an over- 


whelming number of variations. Talking 
about them requires some way to select 
and classify them; hence, the search for 
dimensions—or traits—of organizations. 
The question of dimensions might be 
approached empirically in two different 
ways. First, dimensions might be de- 
fined in terms of covariation among 
many indices of organizational behavior, 
directly in the tradition of statistical 
definition of traits. Secondly, organiza- 
tional variables might be organized ac- 
cording to the effects that they exert, or 
might be expected to exert, on indi- 
viduals. These approaches are neither 
mutually dependent nor mutually exclu- 
sive; it is probable that both kinds of 
analyses will need to be undertaken. 
Several writers have proposed taxono- 
mies of environmental situations, on the 
basis of both empirical (Hemphill, 1956; 
Palmer, 1961) and logical (Golembiew- 
ski, 1962b; Sells, 1963b) grounds, while 
others have reviewed the evidence of 
dependable effects of specific organiza- 
tional properties (Thomas & Fink, 
1963). 

The variables discussed below have 
been established neither as factors ac- 
counting for covariation nor as depend- 
able determinants of behavior; they 
may be considered as likely candidates 
for such status in future research. The 
five variables discussed here—size, or- 
ganization structure, systems complex- 
ity, leadership pattern, and goal direc- 
tions—were culled from a list of about 
30 properties mentioned in studies and 
discussions of organizational variation. 
Size 

Thomas and Fink (1963) reviewed 31 
studies of effects of group size—with 
size varying from 2 to 20 members—on 
group performance, distribution of par- 
ticipation, nature of interaction, group 


organization, individual performance, 
conformity, and consensus and member 
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> ion. They point out that size 
ecg considered “phenotypic oo 
really but a correlate of the social an 
psychological condition capable of pro- 
ducing changes in member and group 
behavior,” and suggest, as intervening 
variables, resource input (e.g., skills, 
knowledge), demand input (e.g, mem- 
bers’ need for recognition, social inter- 
action), and potential relational com- 
a ce moves from small groups to 
large organizations, size takes on a dif- 
ferent significance. As the number of 
possible person-to-person interactions 
increase, the capacity of individuals to 
form relationships becomes exhausted. 
A result is the development of small 
face-to-face subgroups within the large 
organization, and of pressures toward 
cohesiveness and adoption of subgroup 
norms, sometimes at the expense of 
larger organizational goals (Blau & 
Scott, 1962; Golembiewski, 1962b; 
Thomas & Fink, 1963), 
The effects of group size upon an in- 
dividual depend in large measure on the 
individual’s position within the organi- 
zation. The Thomas-Fink review, as 
well as studies in applied settings (eE; 
Baumgartel & Sobol, 1959; Talacchi, 
1960; Thomas, 1959), suggests that 
satisfaction of work-group members de- 
creases as size of work group increases. 
Frequently mentioned as factors in this 
relationship are varying opportunities 
for participation and for satisfaction of 
achievement and affiliation needs. In the 
large organization, the existence of sub- 
groups has the effect of removing the 
individual from goals of the organiza- 
tion. If the individual is to be evaluated 
according to production criteria, his 
evaluated performance may be influ- 
enced by conflicts between organiza- 
ional and subgroup goals (e.g., with 
tion d to quotas). The accoutrements 
of procedures for efficiency—systems of 
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authority, status, technology, and finan- 
cial control—place even greater con- 
straints on the individual’s opportunity 
to satisfy personal needs. 2 
For the manager, increasing organini 
tional size may require different sets 0 
skills (Ghiselli, 1963; Haire, 1959). 
The face-to-face techniques of pene 
ment must give way to dealing with sub- 
groups and coordinating their ae 
Thus, size may well be a factor inher 
ing correlates of managerial succes 
(Guetzkow & Forehand, 1961). 


Structure 


Closely related to variables in si 
and often varying with them, are vari d 
tions in the structure of authority me 
relationships among persons and ue 
Evan (1963) summarized evidence K 
organizations differ widely in the pie 
of hierarchical organizations of ee an 
rewards, and authority. There have ha 
many assumptions about behavioral = f 
sequences of different kinds of structu a 
but relatively few empirical attempts 
verify them. Fi 

Prier and Lawler (1963) eraning 
the proposition most clearly put 1? 
ward by Worthy (1950) that ee 
(ie, decentralized) organizations oa 
superior to “tall” (centralized) PE i 
zations with respect to satisfaction ie 
employees’ needs. They studied oF 
Sponses of over 1,900 managers, dea 
fied as belonging to tall, intermedia f 
and flat organizations, according to io 
ratio of levels of supervision relative E 
size. They found no evidence of “il 
periority of flat organizations across a 
the organizations. There was evidenc®; 
however, of interaction between size “aly 
shape of the organization: in ge í 
small organizations (under 5,000 na 
ployees), the extent to which manage é 
report their needs to be satisfied a 
higher for flat than for tall organizē 
tions, but in companies with more 
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5,000 employees, reported need satisfac- 
tion was greater for tall organizations. 
_ Experimental studies, especially those 
Involving communication networks, in- 
dicate that satisfaction with job and re- 
Sults are greater in structures with a 
wider spread of participation. In more 
centralized Structures, satisfaction is 
highest in the more central positions 
(Glanzer & Glaser, 1961; Golembiew- 
ski, 1962b). There is also evidence that 
centralized structures are more effective 
than Noncentralized structures for co- 
ordinating results, the responsibility for 
Which falls mainly to persons in central 
Positions. These results help to explain 
why the managers studied by Porter 
and Lawler (1963) found the tall or- 
ganization more satisfying in large or- 
fhe ations. Such a structure may give 
tony aer more control over organi- 
for a activity and more opportunity 
creative contribution than would a 
a rai Porter and Lawler sug- 
Saticfa, = the effect of structure on need 
iol vig might depend upon the in- 
Ani en Position in the organization 
Gitar gers might respond 
nae other structural variation has been 
ceived td bap observers, but has re- 
in tle research attention; that is, 
Pattern, ency of the model organizational 
struct to shift from a “pyramidal” 
at the | eo en in the majority 
3 Bamia. exagonal structure. 
Workers =a A ructure has blue-collar 
to ha oes about equal in num- 
E degen p anagement team, with 
middle e group, represented in the 
and thoss a professional staff people 
Cation > vho support them. An impli- 
a erin Structure of difference of 
Problem 3 ae: of managers is the 
hese hight he effective Supervision of 
Stonals, 7 individualistic staff profes- 
the differe the man in the middle” 
nce might be associated with 


increased conflicts between organiza- 
tional and professional objectives, de- 
creased opportunity to select assign- 
ments and working patterns, and de- 
creased apparent relevance of his work 
to the functioning of the organization 
as a whole. 


Systems Complexity 


The concept of system as a collection 
of elements functioning together has 
generated a wide variety of research 
relevant to organizational behavior. 
Since analysis of a system implies defi- 
nition of its elements and quantitative 
study of their interactions (Peach, 
1962), such research can result in un- 
precedentedly precise descriptions of or- 
ganizational units (e.g., Chapman et al., 
1959; Miller, 1962). While this ap- 
proach has not yet reached the point of 
providing comparisons of complex or- 
ganizational properties and their ef- 
fects, it appears likely to contribute to 
that objective. 

The systems concept provides several 
ways of describing environmental varia- 
tion, and there is little basis for pre- 
dicting which ones will be useful. One 
potentially definable variable will serve 
as an example. Organizations may vary 
in the complexity of the systems that 
they employ. Complexity can be defined 
in terms of the number of components 
and the number and nature of the in- 
teractions among them. It seems likely 
that variation in systems complexity will 
be associated with variation in both 
stimulus availability and behavioral 
constraint. The part that social elements 
play in the system offers other oppor- 
tunities for defining variations in cli- 
mate (Michael, 1959). 


Leadership Style 


The various approaches to defining 
leadership traits (Petrullo & Bass, 1961) 
also can be applied to the description of 
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organizations, since significant organiza- 
tional properties are controlled by per- 
sons in leadership positions. Thus a 
tentative measure of aspects of climate 
may be obtained by simply taking per- 
sonality measurements of leaders. For 
example, Vroom and Mann (1960) and 
Haythorn, Couch, Haefner, Langham, 
and Carter (1956) studied follower be- 
havior as a function of leaders’ degree 
of authoritarianism. oh es 
The studies of participative manage- 
ment practices, summarized in preceding 
pages, also illustrate the feasibility of 
defining leadership style as a dimension 
of organizational climate. These studies, 
for the most part, created the contrast 
experimentally by training or instruct- 
ing leaders. A further question would 
ask whether the influence of such varia- 
tion extends past the individual— 
whether the variation is truly charac- 
teristic of organizations rather than 
simply of certain individuals. There is 
some evidence that organizations can be 
reliably described in terms of typical 
leadership practices (Baumgartel, 1957; 
Forehand & Guetzkow, 1962) and that 
such variation has systematic effects, 
There is, however, insufficient data as 
yet to make a conclusion about the gen- 
erality of such findings. 


Goal Directions 


Variation in organizational goals is 
obvious to observers of organizations. 
Such variation has provided one basis 
for classifying organizations, for exam- 
ple, as business, government, or philan- 
thropic organizations. Even among busi- 
ness organizations, of which the profit 
motive might be the most characteristic 
feature, there is variation with regard to 
the relative weight placed on subsidiary 
goals (e.g., dominance of market, avoid- 
ce of conflict with government). That 
an h variation would affect behavior of 
S ganization members should be ex- 


pected, in view of the role played by 
organizational goals in defining the as- 
pects of behavior to be rewarded and 
punished. 

The range of variation in factors af- 
fecting behavior may not be as great as 
that of overall organizational objectives. 
The subgoals chosen to accomplish the 
overall objectives (e.g., efficiency, CO- 
operation) may be quite similar despite 
wide differences in the ultimate pool 
and hence the pressures on individuals 
may be similar. Evidence of os 
ships between organizational goals an 
participants’ behavior is scarce, partially 
because of the difficulty of spectfyine 
such goals unambiguously and pattlally 
because the influence of goals činimo, 
be separated from other organizationa 
qualities (e.g., leadership style). Studies 
of college environments (Thistlethwaite, 
1960) indicate that such effects may oa 
ist, however. It was possible to identi M 
schools associated with students po” 
tives to seek higher education in hu 
manities and social sciences as COP” 
trasted with those associated with mo- 
tivation to seek advanced degrees in the 
natural and biological sciences. The te 
mer are characterized by faculty affil- 
iation, enthusiasm and emphasis T 
achievement, humanism and indepenc- 
ence; the latter by a lack of emphas!S 
on compliance. Goals of work groups 
defined on more specific and more sm 
tured situations have received m 
intensive research attention, and ype 
mechanisms by which conformity pres 
sures are exerted have been explore 
(Blau & Scott, 1962; Lawrence 
Smith, 1955), ae 

Organizational goals may also inter i 
act with personal characteristics, P3” 
ticularly the motives of individual or 
ganization members. Such interactio” 
may be manifested in several ways: 2 
The extent to which the individual Pe 
ceives and understands the organi24 
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tion’s goals may depend upon his own 
skills and attitudes (Vroom, 1960). (b) 
The individual who, for one reason or 
another, responds to his own goals, ig- 
Noring those of his organization, can 
succeed to the extent that his goals co- 
meide with those of the organization. 
(c) The individual who responds both 
to his own and to his organization’s 
goals faces the possibility of conflict, de- 
pending upon what his own goals are. 
The particular form of the conflict and 
= attempted resolution both depend in 
arge part on personal factors. 


DISCUSSION 


a paper has focused mainly upon 
a unities for the operational study 
ie variation afforded by 
pene research. We have on 
Sees ee eee drawn an analogy be- 
‘ he climate of an organization and 
> merc of an individual in order 
of at attention to issues in the study 
k is There often appear in 
menki ature, particularly the manage- 
tons erature, suggestions and assump- 
that the analogy can be taken 


More li 
dl ape that climate may be 
ality of - 4 construct, and the “person- 


dealt i a organization” identified and 

I e 
the mis sometimes been suggested that 
vidual ae of organizational and indi- 
b A aracteristics would maximize 
dividu ational effectiveness and in- 
is Stigpes oa en Such a conclusion 
interactive by theories and evidence of 
ae effects. If the suggestion is 
oes ine T mechanically, however, it 
of the a ow room for change, either 
Matching seston or the person. The 
Otganiza tee may hinder both the 
ing readin and the person from adapt- 
Mer by to new situations—the for- 
ang Men e inbreeding of inflexibility, 
atter by the limitation placed 


on the individual’s range of experience 
(McMurry, 1958). 

A number of social scientists have 
suggested a different kind of application 
of the climate concept: the achievement 
of organizational change by means of 
changing the climate. Leavitt (1964) 
reviews a number of plans for organi- 
zational change that focus on “people 
variables” in the organizational system 
(in contrast with plans focusing on 
structure, technology, and task vari- 
ables). The most influential of these 
Leavitt terms “power equalization” ap- 
proaches. The power equalization ap- 
proaches include client-centered ther- 
apy, “T-group” training, and economic 
distribution devices like the Scanlon 
Plan. They share an emphasis upon 
pushing the power and responsibility for 
decision making as far down in the or- 
ganizational hierarchy as possible, es- 
tablishing relationships of mutual trust 
and authenticity, and keeping all chan- 
nels of communication open. They also 
share assumptions that employees, in 
general, will be more satisfied and more 
productive when working under such 
conditions; individual differences in re- 
sponse to climate are not taken into ac- 
count. Finally, the climate concept has 
been invoked to account for differences 
in results of management training pro- 
grams (Fleishman, 1953; Guetzkow, 
Forehand, & James, 1962). 

These and similar suggestions are 
promising leads for research and strat- 
egy. They rest on the assumption that 
there is such a thing as a general atmos- 
phere, personality, or climate within an 
organization. Several implications of this 
assumption will need to be investigated 
before the usefulness of climate as 4 
construct is established. 

1. Identification of comparable organ- 
izational units: According to the person- 
ality analogy, organizational climate is 
a concept based upon covariation of 
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individual differences among organiza- 
tions. The identification of what organ- 
izational units are to serve the role of 
persons in this model is a complex 
problem. An individual is a member of 
many organizations—a face-to-face work 
group, department, divisions, etc—which 
coexist and interact within a larger 
organizational unit. Environmental char- 
acteristics need not covary system- 
atically between levels of a single organ- 
ization; a department may be rule 
centered even if the company is not, and 
vice versa. When a group of organiza- 
tions are chosen for study some effort 
to establish their comparability is 
needed, unless the study deliberately 
focuses on variation across levels of or- 
ganization. One possible approach when 
individual subjects are involved is to 
focus on an individual’s superior and 
all of the superior’s subordinates or 
the superior’s superior and all of his 
subordinates, etc. In this way, one can 
obtain comparable organizational units 
from widely ranging organizations 
(Forehand, 1963). 

2. Homogeneity within the organiza- 
tional unit: The description of a com- 
pany personality implies a degree of 
homogeneity within the company that 
may be seldom found. The definition 
of a climate dimension requires evidence 
that: the objective determinants of the 
dimension are applicable to all subunits, 
and the dimension is perceived com- 
parably by individuals in the subunits, 

3. Relative permanence: One of the 
major ambiguities in definitions of 
climate has resulted from failure to 
come to grips with the problem of per- 
manence. The term has been used to 
refer to organizational properties de- 
fined by a given leader and thus sensi- 
tive to normal personnel change. On 

the other hand, it sometimes refers to 

operties that have become traditional- 
at through policy, procedures, or ob- 
i 


jective constraints. If climate is to have 
meaning as a construct, with meaning 
distinguished from that of leadership, 
a criterion of relative permanence would 
seem appropriate to its definition. J 
4. Mode of combination of organiza- 
tional properties: As the preceding dis- 
cussion has stated, present heap 
permits no definitive description 0 
dimensions of organizational variation. 
The attempt to define the climate of an 
organization raises a different and more 
complex question about which there y 
available no evidence: the question S 
the way in which dimensions are pe 
combined to describe a particular organ 
ization: A meaningful combination me 
be a linear one, but it seems pe 
likely that it will be a pattern or co 
figuration. P 
“The usefulness of the procedures bar 
veloped for studying climate need a 
depend upon the establisimieai i o- 
climate as generally applicable bat. 
retical construct, for the procedures . 
applicable to the much more gene n- 
problem of specification of the eoru 
ment. We have mentioned a puma 
hypotheses and research apponi oy 
ward this end in this paper, and be 
need not be repeated. They may. a 
summarized in terms of two nee 
for research that seem especially on 
to the problem of studying enviro 
mental variation, en 
I. Measurement: As we have ee 
there is no lack of ingenious ideas op’ 
the measurement of organizational P 
erties. It is seldom clear, however, ace 
two investigators using the same “about 
for their variables are talking al 2 
the same, or even correlated, dimensions 
It is for this problem that borrow 
from the techniques of differental PS. a 
ology seems most appropriate. at- 
approaches can þe suggested. The | A 
tempt to define dimensions of orgari es 
tional variation via factor analys 
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(Hemphill, 1956; Katzell et al., 1961; 
Palmer, 1961) has yielded results en- 
couraging extensions to a wider range of 
organizations and organizational proper- 
ties. A second differential concept that 
needs emphasis is that of validity, par- 
ticularly convergent and discriminant 
validity (Campbell & Fiske, 1959). The 
multitrait multimethod matrix recom- 
mended by Campbell and Fiske for 
validation of personality tests also pro- 
vides a model for validating climate 
measures. Rule centeredness, for ex- 
ee measured by participants’ per- 
hve ought to Correlate more highly 
Gen e same variable measured by an 
TRN count than with a different 
sa a measured by perceptions. Other- 
à e perceptual process, rather than 
= ne properties, accounts 
is ea in the measure. Studies of 
ne pene not only validate the 
Lowe aed use in future experiments, 
about “4 also contribute information 
tional k e nature of effective organiza- 
ariation. 


proge teraction studies: Many ap- 


Sina es to the study of behavior as- 
that either the person or the 


enyj ; 
ronment Varies, but not both at the 


‘Me 
y nag Both the theoretical dis- 
such Se and the practical inutility of 


an approach h 
stra 2 have been demon- 
Bhai (Cronbach, 1957; Helson, 1964). 
i ean organizations make possible 
lation of both sets of variables, 


Banizatie ding of the functions of or- 
SYcholo ns, but also a chance to test 
teractig Sical hypotheses about the in- 
nyir the individual and his 
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Recent research in the conditioning of verbal behavior offers support to 
a learning-theory interpretation of changes that may occur in psy- 


chotherapy. Manipulation of 


awareness states, use of verbal condi- 


tioning as an independent variable, and effect of the reinforcement his- 

à tory of S in verbal conditioning experiments are being explored in 
relevance to controlled and measurable modification of verbal behavior. 
Evidence is accumulating that the generalization of an experimentally 
acquired verbal response is a function of the common cue-producing 
Properties of the several classes of which it may be a member. 


Psychotherapeutic practice is pres- 
ently undergoing a rather remarkable 
reevaluation owing to results being re- 
Ported by researchers utilizing tech- 

niques based on modern learning theory. 

aa Practice and research, methods based 
, n classical and Operant conditioning 
ory have been devised to modify 
i any kinds of unadaptive behavior, and 
emag body of literature attests to 
a efficacy and to their value as ob- 
À ve, replicable, and measurable 

Sents of change, 
other aspect of theoretical interest, 
5 ver, concerns the modification of 

avior which can occur in situations 
ies those so structured and con- 
a ni In traditional Psychotherapy, 

‘ Xample, the therapist deals, for the 

Part, with verbal responses emitted 
Sitnatie client, Since in a two-person 
acts te such as this each individual 
responses’ Set of stimuli which elicit 
Which ee from the other, responses 
force d te positively or negatively rein- 

> €ven without awareness, it is 


m 


howe 


Thi p 
a Portion SEW represents a modification of 
Present d p à doctoral dissertation which was 
Versit 2 the faculty of Temple Uni- 
Ments for po tial fulfillment of the require- 

the degree of doctor of philosophy. 


clear that this can be construed as a 
learning situation. 

From this point of view, the role of 
the therapist as a source of reinforce- 
ment contingent upon classes of client 
verbal behavior has come under scrutiny 
and many studies have appeared which 
illuminate this situation and which sup- 
port a learning theory approach to 
psychotherapy. 

This review is an attempt to survey 
the recent research in the area of the 
modification of verbal behavior within 
an operant conditioning paradigm, 
where the reinforcer is some form of 
social approval mediated by another 
person. 

At the outset, however, it is necessary 
to deal with an important theoretical 
issue which has been raised by Dulaney 
(1961). This issue is whether it is justi- 
fiable to call the behavior changes re- 
ported in studies of verbal conditioning 
operant conditioning, in the sense of 
being a simple analog of animal con- 
ditioning to bar pressing or disc pecking. 
In his experiment, which was a partial 
replication of Greenspoon’s (1955), 
subjects were verbally reinforced for 
plural nouns in the last four of five 
blocks of freely emitted words. Analysis 
of the data showed that, while 35 of 
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the 43 experimental subjects increased 
their mean frequency of plural noun 
response in the four reinforced blocks 
compared to the nonreinforced block, 
there was no significant difference in 
trend over the five blocks. Analysis of 
answers to questions asked subjects 
after each block revealed that no sub- 
ject could state that the contingency 
for reinforcement was a response of a 
plural noun. However, 34 reported that 
the experimenter was studying their 
associations, and of these, 11 reported 
that “umhmm” was a reinforcement for 
staying in the same category. When 
experimental subjects were categorized 
into groups labeled reinforcement for 
association, associative hypothesis alone, 
and no associative hypothesis, it was 
found that the first groups showed a 
highly significant learning effect, the 
second a modest one, and the thi 
no different from controls, Thi 
the question of what it 
in such an experiment, Although the 
probability of the critical Tesponse was 
increased, subjects did 


rd were 


in a series, fo nny 
“vegetables” bea ae 
gi es would be rewarded, and 


may eventually tur, 
problem solving, 

potheses and transfe 
covery of mediatin 
not alter the fit o 


hy- 
T, but that the dis- 
g mechanisms does 
f empirical Operant 


principles, since a free operant came 
under the control of a contingent 
stimulus. 

Greenspoon (1962) has raised two 
other related issues having to do with 
the legitimacy of subsuming all pro- 
cedures used in this type of study under 
the rubric of verbal conditioning. One 
of these is that it is clear that in many 
of the experiments reported to date, ie 
subject does not acquire any new verba 
Tesponses; nor does he freely emit 
critical responses, since they are often 
Presented to him in a rather highly 
Structured situation. The other issue 
concerns the importance of the generic 
nature of the response; as Skinner ( oaa) 
has said, it is necessary to conceive 0 
classes of responses, whose members 
have common characteristics. Some na 
periments, for example, have presni 
a situation where a specific word, a 
as a personal pronoun, was reinforced; 
While these studies have demonstrated 
the acquisition of the response, they do 
not fit within the operant conditioning 
paradigm owing to the uniqueness of the 
single response, which does not provide 
Opportunity for generalization. It R 
wteenspoon’s conclusion, however, tha 
if the Paradigm is characterized by # 
shift in probability of a response, then 
verbal Conditioning research may D® 
Considered within the paradigm. Thus, 
while these considerations raise interest- 
Ing questions as to the justification for 
Considering verbal operant conditioning 
experiments analogous to those operan 
conditioning studies on the acquisition 
of responses by infrahumans, it is 4° 
Sumed here that verbal behavior 1$ 
sauuited by and is modifiable by tP? 
hare laws of learning that control othe? 
behavior; jn Particular, that verba 
response Probabilities can be change 
ti the Systematic introduction i. A 
select ih are contingent upon p 

ed response or class of respons 
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Althought verbal learning and verbal 
behavior have been the subject of ex- 
Perimental effort at least since 1885 
when Ebbinghaus published On Mem- 
ory, it was Thorndike (1935) who first 
formulated the hypothesis that verbal 
behavior could be modified by the ad- 
ministration of verbal reward and 
Punishment. His attention was chiefly 
Siven, however, to showing the efficacy 
of reward over punishment in confirm- 
mg „responses by strengthening con- 
nections rather than to the control of 
verbal behavior per se. 

The conditioning, extinction, and 
8eneralization of verbal behavior has 
received attention for several decades 
(Humphreys, 1939; Johnson, 1944; 
ae 1949); but the current interest 

ne experimental modification of 
verbal behavior following a Skinnerian 
ot appears to have originated 
oe Greenspoon (1951), who was able 
hte that four different rein- 
a ements, verbal approval and dis- 
Pproval, a light and a tone, changed 
€ probability of a response class of 
aA nouns. In recent years, numerous 

T T (e.g., Gross, 1959; Reidy, 1958; 
Sone 1955; Verplanck, 1955) have 
tars med the finding that various verbal 
fem classes can be caused to in- 
ion ye frequency by the introduc- 
fives, some type of reinforcing con- 
fe oe usually verbal approval; how- 

“a ights (Sidowski, 1954), buzzer 

Nspoon, 1951), and a bell tone 
is air, 1957) have been reported to 
Soi tive results, as well as such 
oddin al Social reinforcers as head- 
(Wick E 1986) = or postural shifts 
ee Majority of studies report 
Tesi, Conditioning of many types 
classes aa Classes, others, using similar 
negative reinforcing stimuli, report 
(1962) sults. Spielberger and DeNike 

that unaware subjects 


Succe 


ound 


did not differ from controls in rate of 
emission of plural nouns, and suggest 
that positive results in this type of 
study may be artifacts of the failure 
to detect awareness in some experi- 
mental subjects. Mandler and Kaplan 
(1956), also replicating the Greenspoon 
study with negative results, questioned 
their subjects regarding their interpreta- 
tion of the reinforcer “um-hmm.” 
Those who identified it as a positive re- 
inforcer had shown evidence of condi- 
tioning, while those holding a negative 
interpretation had shown a decrease in 
emission of the critical response. 

The issue of the role of awareness, 
usually defined as subject’s ability to 
verbalize under questioning of various 
sorts the relationship between his re- 
sponses and the reinforcer employed, 
has been dealt with by many investiga- 
tors. Adams (1957), in an extensive 
review of studies on learning and 
awareness, has concluded that evidence 
for learning without awareness is 
equivocal. He points out that the criteria 
for such learning in studies of verbal 
behavior are different in different in- 
vestigations, and that there is little 
uniformity as to what constitutes aware- 
ness or how to measure it. He suggests 
that the number of subjects judged 
aware is in part a function of the num- 
ber and type of questions asked them 
after completion of the conditioning 
procedure. The usual method for judg- 
ing awareness in these earlier studies 
required subjects to complete open- 
ended questionnaires after the con- 
ditioning procedure (Greenspoon, 1955; 
Mandler & Kaplan, 1956; Taffel, 1955). 
Krasner (1958), in a review of 31 
studies of the conditioning of verbal be- 
havior, has reported that approximately 
5% of all subjects in the combined 
studies were aware in the judgment of 
the various experimenters. However, the 

thodology and the 
adequacy of the me 8y 
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validity of the criteria for awareness in 
these investigations are questionable; 
the evidence (Dulaney, 1961) that 
acquisition of a verbal response occurs 
through the mediation of verbal hy- 
potheses implies that awareness on 
some level is always a factor where the 
conditioning effect is observed. 

Postman and Sassenrath (1961), in a 
survey of studies of incidental learning 
and of learning without awareness, take 
issue with Adams’ viewpoint. They con- 
clude that learning without awareness 
does occur, and that verbal rewards and 
punishments have a significant effect 
under conditions of incidental learning. 
It is unnecessary to assume that þe- 
havior modification must be preceded 
by a correct understanding of the 
environmental contingencies; therefore, 
the question of whether the action of 
verbal rewards and Punishments is al- 
ways or never automatic is not a profit- 
able one. 


In a study of the effects of awareness 


(1961) found 
awareness inter- 


reness will haye 
nds on subject- 
such as the sub- 
ude toward the 
that, taken alone, 
cept of dubious 


experimenter, and feel 
awareness is a con 


validity in verbal conditioning studies. 
Southwell (1962) has criticized this 
study on the basis of the definition of 
awareness employed. Data from other 
studies (Ekman, Krasner, & Ullmann, 
1963; Kanfer & Marston, 1962; Sim- 
kins, 1963; Spielberger, 1962; Spiel- 
berger, Levin, & Shepherd, 1962) SUD: 
port the conclusions that awareness 1s 
a function of preconditioning instruc- 
tions, discriminability of critical i 
sponse and reinforcement, personality 
interaction, and atmosphere, and that 
these variables can be controlled to in- 
fluence reported awareness. It is clear 
that this issue is coming to assume an 
importance for some investigators which 
is comparable to that of conditioning 
itself; and though a strictly Skinnerian 
view would not admit that such private 
events should have systematic status 
among variables controlling behavior 
(Skinner, 1953), another view (Krasner, 
1962), more clinically oriented, holds 
that awareness as a manipulable vari- 
able can be used in the investigation 0 

Such social influence situations as place- 
bos, attitude control, and psycho- 
therapy. In the latter, it can be viewe 

as a type of insight, controlled by the 
therapist and studied as a function 0 
is value system and of his theoretical 
orientation, 

Reviews of the literature (Green 
spoon, 1962; Krasner, 1958, 1962; 
Salzinger, 1959) have laid increasing 
stress upon the importance of defining 
the variables Operating in such experi- 
mertal situations, Equivocal and con- 
tradictory results reported in these Te 


views appear to be a function of the 
Complexity of 


Portant variables. While the early stu®™ 
les were Concerned with demonstrating 


the acquisiti 

sition of a verbal se 
À respon 
a functio: b p 


n of the type of response a” 
of the type of reinforcement, MO"? 


CONDITIONING OF VERBALIZATION 


recent workers have investigated such 
questions as the effect of resistance to 
extinction as a function of number of 
acquisition trials (Senko, Champ, & 
Capaldi, 1961) and of experimenter- 
subject interaction (Binder, McConnell, 
& Sjohelm, 1957; Gross, 1959; Krasner, 
Ullmann, Weiss, & Collins, 1961; 
Sapolski, 1960). In addition, there is 
increasing interest in the reinforcement 
history of the individual, which mani- 
fests itself in the state of the subject 
when he enters the experimental situa- 
tion (Salzinger, 1959). Attempts to 
Measure the effects of such states on 
Conditionability fall into two general 
Categories. One line of investigation uses 
various devices to measure, in a sense, 
the reinforcement history of the sub- 
Ject, defined operationally by his scores 
ee, tests of persbnality variables. The 
a ist is concerned with manipulating 
A e intraindividual state experiment- 
y and then observing its effect on 

Conditioning. 
Ee Ullmann, and Krasner (1960) 
ae ied the relationship between respon- 
vity to verbal conditioning and likeli- 
a hypnotizability, in an attempt 
Get a problem posed by Das 
ie Das had found a significant 
aie between classical eyeblink 
aa ph and hypnotizability, but 
u pote that a difficulty in interpret- 
N s results was a possible facilitating 
i of one treatment on another in 
3 Procedure: To handle this, Weiss 
ken used an indirect approach, a 
ea of likelihood of hypnotizability 
: p actual hypnotic induction. 
* RNN correlation between the 
authors lables was interpreted by the 
and Pet supporting Das’ findings 
Ypothesis =e the generality of the 
rather ee = using verbal operant 

eidy co conditioning. 

Need fo. E ), hypothesizing that 
Pproval would act as a drive 
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influencing the acquisition of a verbal 
response, found that the personality 
variable had no effect on learning. 
Results of a similar study (Crowne & 
Strickland, 1961), however, indicated 
that need for approval facilitated the 
conditioning of verbal behavior. 

Babladelis (1961) tested the hy- 
pothesis that the relationship between 
autonomy and verbal conditioning ef- 
fects is linear and negative and found 
that acquisition of self-statement re- 
sponses was correlated —.60 with 
autonomy. This appears to be related 
to a secondary finding of the Weiss 
et al. (1960) study, in which a correla- 
tion of —.43 was found between con- 
ditionability and achievement via in- 
dependence. 

Level of performance in a verbal con- 
ditioning task was found to be a func- 
tion of anxiety, compliance, and de- 
fensiveness in a study by Sarason 
(1958). Using test measures and thera- 
pists’ ratings, he found that high scores 
on test anxiety and lack of protection 
were associated with poor conditioning. 
Patients rated by therapists as com- 
pliant showed a greater learning effect. 
Sarason concludes that it is important 
to control for individual personality dif- 
ferences; that subjects’ previously 
learned attitudes and anticipations af- 
fect the extent to which they accept 
reinforcements or use them as a basis 
for modifying their own behavior. 

Other subject variables such as neu- 
roticism (Everstine & Bendig, 1960) 
and hostility (Campbell, 1960) were 
found to have an effect on condition- 
ability; but Hetrick and Haas (1962) 
found no correlation between the vari- 
ables of ego strength, depression and 
psychopathy, and performance 1n a ver- 
bal conditioning task. No support for 
Eysenck’s hypothesis on the differential 
conditionability of extraverts and in- 
troverts appeared in results reported 
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by Das (1961), Das and Mitra (1962), 
and McDonnell and Tnglis (1962). : 
Krasner, Ullmann, Weiss, and Collins 
(1961) have utilized some of their find- 
ings and others (Ferguson & Buss, 
1960; Weiss et al., 1960) to develop an 
inventory which is related to resistance 
to conditionability. Consisting of the 
Achievement via Independence and Sus- 
ceptibility to Hypnosis scales from the 
California Psychological Inventory and 
the MMPI Manifest Hostility scale, it 
predicts individual responsivity to con- 
ditioning. : i 
Although such personality variables 
cannot be considered to be uncorrelated, 
their number and variety and the nature 
of the relationships found furnish evi- 
dence of the complexity of the Processes 
underlying conditionability as mani- 
fested by acquisition of responses in 
verbal situations. 
The experiment: 
brings with him i 


‘ Y can be Studied, 
Gewirtz and Baer (1958) Studied the 
reinforcer on 


d of social contact re- 
sponded at a higher Tate to 
reinforcer than diq chi 


motional atmosphere 
and of withholding reinforcement were 


studied (Weiss & Ullmann, 1960) in an 


WILLIAMS 


investigation of the appropriateness o! 
verbal conditioning for studying BeA 
personal responsiveness. Emotiona. 
words used in the telling of Tena a 
Apperception Test-like stories wer 
verbally reinforced by the epenn 
Following conditioning, the ee 
menter interacted with half the E 
jects in a hostile manner and with th 

other half in a friendly manner. Within 
each of these atmosphere conditions, 
half the subjects underwent ringer 
trials. Al] subjects then received er 
ditional reinforcement trials, so that 
both reconditioning and continued re 
inforcement were studied. The ee 
mental manipulations were found i 
have a significant effect on responsive- 
ness. A hostile atmosphere and a 
reinforcement both resulted in decrease 

responsiveness, The induced hostility, 
however, did not affect reconditioning. 
The authors discuss verbal aaggemee 
as an interpersonal Paradigm, sugges 

ing that future research of this type into 
the nature of interpersonal relationships 
will need to take into account three 
variables assumed to be related to per 
Sonality correlates, These are “expres- 
Siveness,” which in this study refers to 


rae ries P f 
individual differences in the use © 
emotional wor, 


activity in ş 
SPOnsiven 
is a facto 
the relationshi 


ifferences in responsa, : 
factors,” that is, condition: 
other than reinforcement introduced bY 
the €xperimenter, 

Hall (1960) found that subjects con- 
ditioneg faster under conditions of e8? 
orientation to the task. Using male an 


female Subjects, he varied the instruc- 
tional Set, o 


ae 0- 
3 > SUC group receiving €8' 
Oriented “nstructions, one task-oriente 
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instructions, and one neither. “Good” 
was found to be an effective reinforcer 
for all groups, but the amount of con- 
ditioning was a function of the in- 
Structional set. 

Weiss (1955) studied the effects of 
set for speed and awareness on learning. 
The task was to respond to a stimulus 
word with the first word coming to 
mind. The four groups were: informed- 
timed (told the contingency, that living 
thing words would be reinforced with 

Sood,” and set for speed of re- 
Sponse) ; uninformed-timed; uninformed- 
not-timed; and control. The greatest 
mcrement in the critical response was 
observed for the uninformed-not-timed, 
Suggesting to the author that utiliza- 
tion of the Correct principle is impaired 
Y the set for speed. Kanfer and 
Piri! (1962), on the other hand, 
und that task-relevant information 
inullitates learning in verbal condition- 
i experiments, A possible explana- 
R of the Weiss findings, that the 
ormed group showed less learning 
co the uninformed group, is that the 
a ibn to respond with the first 
tion coming to mind, and the addi- 
al information as to the correct class 
Don ast; resulted in conflicting re- 
unint tendencies compared with the 
Set of tmed group which had only one 
2 Sta instructions. Negative results in 
by Be sik set have also been reported 
interesten tae ier (1960), who were 
on the n the effect of different sets 
tive sae AR of uncertain alterna- 
employed va three types of set 
the lawni the study did not change 
outlined probability of response as 
cory of i a statistical association 

earning, 


eon rnimenter-subject interaction has 
Kanter, Subject of a number of studies, 
atic m and Karas (1959), in a system- 

anipulation of prior subject-ex- 


Perim j 
enter Interaction, found that 
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either praise or criticism was followed 
by more learning than was noninter- 
action. Physical characteristics of the 
experimenter were used by Binder, 
McConnell, and Sjohelm (1957), as an 
independent variable to study acquisi- 
tion of hostile verbs in a sentence-form- 
ing task. One experimenter was a small, 
attractive female, while the other was 
a husky ex-Marine captain. A trend 
analysis showed a steeper acquisition 
curve for the female experimenter’s 
group. 

Krasner, Ullmann, Weiss, and Collins 
(1961) used two male PhDs and a 
female AB as experimenters in a status- 
type study, and found that the male 
experimenters obtained significantly 
greater use of the critical response, 
emotional words, in the reinforced 
trials than during the operant trials, 
while the female experimenter obtained 
results in the predicted direction, but 
not to a significant extent. Forty-four 
percent of subjects conditioned by 
male experimenters, and none of those 
conditioned by the female experimenter, 
reported some awareness of the con- 
tingency. 

Characteristics of response classes 
selected for reinforcement have varied 
widely. Studies in this area have been 
concerned with semantic properties of 
word classes (Staats, 1961) as well as 
with the categorization of verbal be- 
havior along such dimensions as feeling 
states and attitudes (Auld & Murray, 
1955; Auld & White, 1956). Green- 
spoon (1962) has noted that some 
negative results in conditioning studies 
probably result when the basis of dis- 
crimination of the critical response is 
not sufficiently defined to enable the 
subject to make the discrimination. 

Although many experimental studies 
have reinforced response classes which 
consist of single words, as in the Taffel- 
type procedures, or of classes such as 
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mother references (Mock, 1957), recent 
investigators have been interested in 
the conditioning of more molar types of 
verbal behavior, such as expressions of 
opinion (Verplanck, 1955), group 
therapy behavior (Ullmann, Krasner, 
& Ekman, 1961), and attitude change 
(Scott, 1957). As Krasner (1955, 
1962) has stated, these attempts have 
a direct application to psychotherapy, 
which is more often concerned with the 
modification of global behavior. While 
the idea of the therapist as one who 
controls or manipulates another in- 
dividual has been the topic of some 
controversy (Rogers & Skinner, 1956), 
investigation of the Psychotherapeutic 
situation is of necessity concerned with 
the exploration of the lawful relation- 


ships accounting for any change which 
can be measured. 


test-inferred trait i 
forming a unified 


test, were 


sponses. A trend analysis showed that 
the experimental group responded at a 
higher rate than a control group. In 
a similar study, Nuthmann (1957) 
found that verbally reinforced subjects 
increased in frequency of self-acceptance 
statements on a personality test. She 
Points out, however, that it is question- 
able whether the subjects were re- 
sponding to a more positive emotional 
tone or to acceptance of self, which is 
Probably a more abstract concept. 

In a study of the conditioning of 
affective responses, Haas (1962) re- 
Ported that both positive and negative 
Sentence endings were increased by the 
verbal reinforcement of their occur- 
rence; and the use of emotional words 
in a story-telling task was found to be 
related also to set and awareness 
(Ekman, Krasner, & Ullmann, 1963): 

„~ae issue of the generalization of 2 
reinforced verbal response has attracted 
Some research attention, but as Green- 
spoon (1962) notes in a review of such 
Studies, the results have not been 
Conclusive, There is increasing evidence, 
OWever, that such an effect does occur, 
and that it follows principles similar to 
those underlying the conditioning of 
motor behavior, 

_ Simkins (1961) found that general- 
zation of a hostile verb response is Te 
lated both to stimulus similarity and tO 
type of reinforcer, His subjects were 
matched on the basis of number of 
hostile verbs and extrapunitive Te- 
sponses scored on one half of the Rosen- 
is P icture-Frustration Study. In 

e firs experiment, subjects were 
inforced for use of hostile 
tences; in the second, they 
with points valued at 4 
Following conditioning, 
Wed generalization to # 
of making up sentences 
verbs; however, only 
th points and pennies 


ka 


M 
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gave an increase in extrapunitive re- 
sponses on the second half of the Rosen- 
zweig test. 
Spreen (1961) and Fadigan (1961) 
both investigated the problem of 
whether an increase in the frequency of 
a response will occur in a subject who 
1S not reinforced, but who is present in 
a situation in which another subject is 
eing reinforced. These experiments are 
similar in that a Taffel-type procedure 
Was followed, Spreen using verbs and 
Fadigan pronouns as the critical re- 
Sponse class. Nonreinforced members 
In Spreen’s pairs did not increase their 
use of the response; Fadigan’s did, 
however, 
In a more Clinically oriented study, 
gers (1960) hypothesized that fre- 
quency of self-reference statements can 
e changed by reinforcement, and that 
IS reinforcement can alter the self- 
eh as measured by personality 
sabe According to reinforcement theory, 
i Ported changes of this sort occur 
Sina unintentional selective rein- 
‘cement by, for example, a Rogerian 
eee ae In this study, subjects were 
ae to describe themselves spontane- 
: yY in a series of brief interviews. 
be eee Self-references were reinforced 
ep One experimental group and negative 
in Me second, Before and after the 
es bali the Manifest Anxiety scale 
Pest e O sort Emotional Adjustment 
iœ Were administered. No significant 
ir were found in the post- 
Noted”! although Improvement was 
Btotp In the Q sort, Only the negative 
Pers Showed a conditioning effect. 
inima] ted that the influence of 
the iate reinforcement is confined to 
Port ae and that the results sup- 
Process i pee Ria Psychotherapy is a 
talk differen” ich the Patient learns to 
ae ntly and little else. 
ana S udies using group-therapy pa- 
ave attempted to assay the 
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effects of verbal conditioning on later 
group behavior (Ullmann, Krasner, & 
Collins, 1961; Ullmann, Krasner, & 
Ekman, 1961). Both report that groups 
who were verbally reinforced for the 
use of emotionally toned words in 
story-telling sessions gained significantly 
on ratings of adequacy in interpersonal 
relationships following the conditioning 
procedure. This result was felt to reflect 
a form of role retraining in which the 
subjects learned that spontaneous ex- 
pression was appropriate and rewarding. 

The application of studies on general- 
ization of acquired verbal responses is 
obviously most relevant to psycho- 
therapy, though the selection and 
measurement of a criterion for general- 
ization is a thorny problem. While re- 
search so far has dealt with rather 
simple tasks to study these effects, it is 
reasonable to assume that relevant 
variables discovered in the laboratory 
will be applicable to more complex 
situations (Miller, 1951) and that 
eventually clinical practice with a goal 
of behavior modification will come 
under the egis of science. 
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It is suggested that 1 response-influencing variable in psychological ex- 


periments may be the individual $ 


dealing with vigilance behavior, 


retroactive interference, opinion change, 
and psychophysics are discussed. 


A recent article by Orne ( 1962) gave 
further support to the proposition that 
the human subject in a psychological 
experiment is not an automatonlike pas- 
sive responder to stimuli. Orne’s focus 
is not on what is done to the subject 
but rather on what the human subject 
does in the experimental situation. He 
suggests that the subject must be recog- 
nized as an active participant whose 
performance in the e: 


Xperiment is at 
least partially determined by his own 
Perception of the purpose and nature of 

e experiment, of the Person of the 
experimenter, of the setting of the 
laboratory, etc, 

The purpose of this paper is to sug- 
gest the operation of another response- 
influencing variable; one which is not 
related to the social-psychological con- 


text of the experimental situation but 
rather is a function of the subject’s in- 
dividual need for Sensory variation as 
manifested in Spontaneous alternation 
behavior. It is important to note that 
this point of view while further sug- 
gesting that the human subject is not 
merely a passive responder to stimuli, 
is more bound to the nature, number, 
temporal sequence, and manner of pre- 
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ie 
sentation of stimuli than-Orne’s orea 
lation would appear to be, and xpeti- 
subject to more control by the e€ 
menter., . fa. 
Fiske and Maddi (1961) define varia 
tion in stimulation as, “the exten ee 
which stimulation at a particular dé 
ment differs from that which ie ye 
it, or to the average degree o 12)” 
moment-to-moment changes [P- lates 
Thus, our concern is with the a a he 
heterogeneity of stimulation an Pie 
effect on behavior of two or more oo 
cessive stimulus impacts in a mor ath 
less homogeneous sensory pps a ah 
Thus, the proposition is put here 
that in an experimental situation ma " 
a discriminatory response to one ‘mull 
series of successively presented ae io 
is required, the organism will see atte 
optimize the amount of stimulus Yaon 
ability or complexity by akera ae 
behavior, Both motor responses 1n in 
and motor and verbal responses one 
humans show a tendency toward say 
Tepetition of the preceding or V 


: 55) 
recent responses, Fiske and Rice (19 
note that: 


not 
It appears likely that the organism dossonse 
seek to avoiq making the previous Te 
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but rather seeks to respond in such a way as 
to vary the total pattern of stimulation reach- 
ing it, including the stimulus produced di- 


rectly or indirectly by its own response 
[p. 242]. 


The literature in this area is an out- 
growth of Hebb’s (1955) thesis in which 
he ascribed to stimuli the dual function 
of providing a cue in controlling goal 
responses and facilitating arousal or 
Vigilance. It was the latter role to which 
Hebb ascribed motivational properties. 
Scott (1957) argued that more emphasis 
should be given to this arousal function 
of stimuli. Much evidence, both neuro- 
Physiological and behavioral, supports 
: e importance of this secondary role 
or stimuli. 

Impulses fm the same sensory 
Stimulus have been shown to reach the 
Cerebral cortex via two separate path- 
vans producing both specific and non- 
ee effects on behavioral organiza- 
i n. The specific effect is produced by 
Mpulse passage along the sensory tract 

Tough the corresponding nucleus in 
2 e thalamus and terminating on a 
Pecific Projection area of the cortex. 

e nonspecific effects are produced by 

slower passage of impulses (from 
‘ets peng stimuli) through the ascending 
min ular activating system and ter- 
ae in diffuse bombardment over 

Ce areas of the cerebral cortex. It is 
D latter type of nonspecific stimula- 
a that is considered necessary “for 

eee and i maintaining alert be- 
S This literature has been sur- 
a Hebb (1955), Scott (1957), 

Sley (1957), Malmo (1959), and 

amuels (1959), 
diffus ii i the effect on behavior of this 
cerebral ombardment of areas of the 
with a Cortex? Consider a situation 
of Ma (or homogeneous level) 
Series Do in stimulation such as a 
simil 9 _Tepetitions of the same or 

ar stimuli. Adaptation to such a 
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repetitive situation readily develops and 
alertness will decrease. If a novel, that 
is, new and different, stimulus is intro- 
duced, either through experimental 
manipulation or through the subject 
changing his response behavior, this 
variation will immediately increase 
alertness and the vigor of ongoing be- 
havior (Fiske & Maddi, 1961), with its 
concomitant focusing of attention (cog- 
nitive change) and arousal of interest 
(motivational change). Scott (1957) 
points out that the effect of change in 
the stimulus environment not only 
focuses attention and interest on the 
novel stimulus, but it also has the ca- 
pability of altering the general character 
of the individual’s relation with the 
environment. This is seen in the func- 
tioning of the selective processes. 

What happens when these novel 
stimuli are repeatedly presented to the 
organism? Scott (1957) suggests that 
with continued exposure the stimuli will 
lose their nonspecific effects. This proc- 
ess, termed “sensory habituation” re- 
sults in attention being no longer 
focused on the (once) novel stimuli. 
Hence, we would expect performance, 
that is, overt response to the continuing 
stimuli, to deteriorate until a new 
stimulus is introduced. 

The literature dealing with alterna- 
tion behavior in rats has been surveyed 
elsewhere (Dember, 1960; Dember & 
Earl, 1957; Dember & Fowler, 1958; 
Fiske & Maddi, 1961; Glanzer, 1953, 
1958; Walker, 1958) and need not be 
reviewed here beyond pointing out that 
in alternating, the rat would seem to be 
seeking stimulation which differs from 
that to which it was previously exposed. 

There are also a number of studies 
to be reviewed below, which show that 
humans demonstrate alternation be- 
havior in experimental situations where 
the trials are contiguous or close in time 
and where no strong, specific motiva- 
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tions are involved, that is, no one 
stimulus-response category 1s reinforced. 


Studies of Spontaneous Alternation 


The variability of a human subject’s 
responses in repetitions of the same 
motor task was noted by Thorndike 
(1923). 

Telford (1931) questioned whether 
an effect similar to the refractory phase 
in sensitive tissue could be observed 
in voluntary and associative responses. 
He concluded that in the three processes 
studied (reaction time, judging the 
longer of two parallel lines, and non- 
sense syllable-number sequences), ef- 
fects were produced in the organism 
which served as a barrier against im- 
mediate repetition. 

Alternation of response was also 
noted by Wingfield (1943). Using a 
variety of manual alternation situations, 
he concluded that: forcing an increase 
in the speed of reaction reduces the 
number of spontaneous alternations; in- 
creasing the difference between the 
alternatives gives a corresponding in- 
crease in alternations; and if the previ- 
ous choices are successful, there is a 
decreased likelihood of alternation. 

Investigating Hull’s principle of re- 
active inhibition, Siegel (1950) found 
that the frequency of occurrence of one 
response increased rectilinearly with the 
amount of prior exercise in the execu- 
tion of the other response. He used two 
light switches placed 30 inches apart 
and, first, gave varying amounts of 
exercise in turning off the switch located 

ed by trials in which 


he right, follow 
ei ee right or the left switch could 


be used. ; 
In exploring relative response fre- 


ies, Shelly (1958) associated con- 
ac abilities of responses lead- 
forcement, with preceding 
conditional probabil- 


que: 
ditional pro 
ing to rein 
responses. These 


ities were such as to never (except in a 
control condition) lead to a reinforce- 
ment for the repetition of a response. 
The results showed that the subjects 


- tended to change alternatives on succes- 


sive trials more frequently than would 
occur by chance. 

Sugimura and Iwahara (1958) in- 
vestigated alternation by requiring sub- 
jects to make 21 consecutive guesses, 
with no information about their suc- 
cess as to whether the correct response 
was right or left. As had been predicted, 
the percent of alternation decreased 
significantly with the increase in inter- 
trial interval. The effect increased when 
the two test objects were dissimilar. 

Using paper and pencil mazes with 
human subjects, Denny and Allen 
(1959) had subjects traverse the in- 
verted L maze 10 times after which 
they were presented with a single 
T maze of like dimensions at intervals 
of 0, 24, 48, 72, or 96 hours. The 
amount of alternation for each of the 
time-delay intervals was 90%, 80%, 
67%, 50%, and 50%, respectively. 
After 3 days the satiation effects were 
dissipated. The results also showed that 
doubling the length of the arm increased 
the satiation effect significantly and 
group administration of the task de- 
creased the effect significantly. 

Iwahara (1959) reported two studies 
on spontaneous alternation. In Experi- 
ment I, subjects were asked to press 
either the right or the left key. A red 
light flashed when the right key was 
pressed and a green light flashed at the 
pressing of the left key. The subjects 
were told that one of the two responses 
was correct but no information was 
given them of their results. Spontaneous 
choice alternation was found to decrease 
slightly from 0- to 30-second intertrial 
intervals for children but no such tend- 
ency was shown for adults. However, 
his results showed considerable decrease 
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in alternation behavior with greater 
intertrial intervals for both age groups, 
and adults indicated consistently less 
alternation than children. Experiment II 
tested the effect of similarity of choice 
objects on response alternation. Alterna- 
tion tendency was found to be greater 
when the two stimulus objects were 
differently colored than when they were 
similarly colored. 

Using the human stylus maze, Law- 
less and Engstrand (1960) tested alter- 
nation and found that the distance be- 
tween a forced 90-degree turn and the 
choice point was a relevant variable 
but that time between turns was not. 


Alternation in Psychophysical Experi- 
ments 


The tendency to avoid the repetition 
of the preceding judgment using the 
psychophysical method of constant 
stimuli was noted by Fernberger as 
long ago as 1920. Similar results were 
noted by Turner (1931), Arons and 
Irwin (1932), and Irwin and Preston 
(1937). Turner (1931) found that 
when a standard weight was preceded 
by a heavier weight with which it was 
not compared, a comparison weight fol- 
lowing that standard weight was judged 
“lighter” a greater number of times. If 
the preceding weight was lighter than 
the standard the comparison weight 
following the standard was judged 
“heavier” a greater number of times. 

Arons and Irwin (1932) obtained 
Psychophysical judgments on objectively 
equal standard and comparison stimuli 
and found that five out of seven sub- 
Jects avoided repetition of judgments in 
the same Category. Also using the 
method of constant stimuli, Irwin 
and Preston ( 1937) showed that judg- 
ments on material presented in one 
sense modality predisposed their sub- 
jects to avoid repetition of the same 


category in making judgments on ma- 
terial presented in another modality. 
Thus, they concluded that the tendency 
to avoid repetition of judgments can- 
not be attributed to changes in the 
sensory processes themselves. Also, 
having required their subjects to give 
alternating comparisons in the two 
modalities, stipulating that the report 
in the first modality be given in one set 
of terms and the report in the second 
modality be given in a second set of 
terms, they showed that the avoidance 
tendency was not dependent upon the 
mechanisms involved in the giving of 
the response words themselves. 

The nonindependence of successive 
responses in measuring visual threshold 
has been reported by Verplanck, Collier, 
and Cotton (1952) and by Wertheimer 
(1953). The results of the study by 
Verplanck et al. showed that when the 
subject is presented with a discrete dim 
flash of light, his response to it depended 
not only upon the luminance of the 
flash, but also on how he responded to 
preceding flashes of light of the same 
luminance. Wertheimer (1953) obtained 
measurements of auditory, visual, and 
pain thresholds at intervals of 6 sec- 
onds, 1 minute, 3 minutes, and 1 day. 
His results indicated that the threshold 
variations in time were not random. 

Thus, the literature suggests four 
conditions which can serve to facilitate 
alternation behavior in humans: (a) 
where there is no reinforcement and/or 
knowledge of correctness of response 
(Fiske & Rice, 1955), (b) where there 
is a greater dissimilarity between 
uli (Iwahara, 1959; Sugimura 
Iwahara, 1958; Wingfield, 1943), (c) 
the greater the prior exercise of a 
response alternative (Denny & ee 
1959; Siegel, 1950), (d) a short in a 
trial interval (Iwahara, 1959; Sugimu 
& Iwahara, 1958). 
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Discussion and Implications 


Many experimental paradigms fulfill 
one or more (or all) of the above con- 
ditions. Consider the situation in which 
the subject is presented with a series of 
similar stimulus events in which his 
task is to detect change over relatively 
long periods of sustained observation. 
Such is the case with the study of 
human vigilance behavior. Scott (1957) 
suggested that the loss of efficiency over 
time in vigilance tasks was directly re- 
lated to a reduction in stimulus varia- 
tion. He noted that one would expect 
to find performance restored to or 
maintained at a higher level under con- 
ditions which increased the variety of 
either peripheral or task stimuli, for 
example, rest periods, high signal rate, 
knowledge of results, interpolated mes- 
sages, multiple-stimulus sources. Frank- 
mann and Adams (1962) suggest that 
it would be fruitful to look for an ex- 
pression of the stimulus variation hy- 
pothesis in terms of stimulus control of 
responses, both environmentally pro- 
duced and response produced. 

There is also the experimental situa- 
tion in which the subject is presented 
with two or more stimuli in temporal 
succession (in some cases with a time 
and/or task interpolation between the 
stimulus presentations) and is asked 
to make some overt response (immedi- 
ately or after a time delay) to one of 
the stimuli. Such would be the case, for 
example, with the retroactive inter- 
ference paradigm, with certain of the 
psychophysical methods, and with stud- 
ies involving opinion change. — 

As an example, let us consider the 
literature dealing with primacy recency 

ditions of opinion change. Primacy- 

pas cy refers to that communication 
enone a in which two opposing posi- 
5 ma ingle issue are presented and 
tions of a sing agreement with one 
endorsement of or agr 


of the positions is called for. Primacy 
refers to the case where the communica- 
tion presented first is more effective in 
inducing opinion change in the direction 
of its argument and recency refers to 
the case where the second argument is 
so effective. Schultz (1963) suggested 
an interpretation of the primacy- 
recency data within a sensory variation 
framework and noted that, 


with the stimuli in the second trial being 
similar to those of the first, the experimental 
situation provides a minimal, homogeneous 
level of variation. Hence, in order to main- 
tain the level of activation produced by the 
first stimulus presentation the individual will 
tend to retain focus on this first stimulus 
[pp. 130-131]. 


In the situation where an interpolated 
Tesponse as well as a response after 
the second presentation are called for, 
Schultz suggests that this alternation 
would manifest itself in giving responses 
which differ from those given previ- 
ously. He further suggests that when 
there is a time and/or task interpola- 
tion between the stimulus presentations 
one would expect the capacity to re- 
spond (increase in focused attention) to 
reappear spontaneously since the de- 
layed presentation of the stimulus would 
again contribute to sensory variation, 
that is, the stimulus now differs from 
the preceding one. 

Working within this sensory-variation 
framework, Schultz attempted to in- 
terpret the primacy-recency data in 
terms of the organism’s quest for an 
optimal level of variation in stimulation 
rather than in terms of strictly at- 
titudinal phenomena. 

It is suggested that data on other 
varieties of human behavioral functions 
are also amenable to systematic inter- 
pretation within this same framework. 

As an example let us again con- 
sider psychophysics. Wertheimer (1953) 
noted that since the inception of psy- 
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chophysics, notice has been taken of the 
fact that successive measurements of a 
threshold are not identical. This varia- 
tion had been generally attributed to 
experimental error and, accordingly, 
thresholds have been defined in statis- 
tical terms on the assumption that the 
human subject is stable. More recently, 
interest has arisen in the temporal 
course of threshold measurements from 
the point of view that the subject may 
be unstable. The data discussed earlier 
(Arons & Irwin, 1932; Fernberger, 
1920; Irwin & Preston, 1937; Turner, 
1931; Verplanck, Collier, & Cotton, 
1952; Wertheimer, 1953) indicate that 
the threshold variations in time are 
not random. 


Findings such as these, when in- 
terpreted in terms of spontaneous alter- 
nation behavior, would seem to have 
ramifications wherever comparable meas- 
urements are made, for, as Smith 
(1951) suggests, successive responses 
depend more or less on preceding 
stimulus-response situations. The human 
subject responds not only to the re- 
presented stimulus, but also to the 
previous presentation and/or to his 
previous response. 


Shelly (1958) suggests that, 


situations in which the relative frequencies 
of events are dependent upon preceding 
responses might be considered to be an ele- 
mentary prototype of social situations. One 
of the most characteristic features of social 
behavior is that the consequences of a person’s 
ehavior depend partly on preceding events 


which consist largely of hi 
ly of his own responses 
[p. 239]. 5 = 


There would seem to be no valid reason 
for assuming that the human organism 
sheds this behavior when he becomes a 
subject in a psychological experiment. 
It 1s only with an increased under- 
standing of such factors as presented in 
this paper and that of Orne (1962), 
that the experimental method of psy- 


chology can become a more effective 
tool in predicting behavior. 
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AMPHETAMINE TOXICITY, POPULATION DENSITY, 
AND BEHAVIOR: 


A REVIEW: 


D. D. THIESSEN 
Scripps Clinic and Research Foundation, La Jolla, California 


Administration of the drug amphetamine to isolated mice heightens 
behavioral arousal, increases adrenocortical and catecholamine activity, 
raises body temperature, stimulates neurological activity, and can cause 
death. All of these effects are exaggerated when mice are grouped, sug- 
gesting that social interaction potentiates those processes common to 
amphetamine. A review of the effects of amphetamine on grouped mice 
is presented along with an attempt to link the physiological mechanisms 
of amphetamine toxicity to those activated by any increase in popula- 


tion size. 


For several years it has been known 
that aggregating mice within a confined 
space increases behavioral excitement 
and potentiates the lethality of am- 
phetamine (Chance, 1946; Gunn & 
Gurd, 1940). It has since been found 
that these effects are linked with body 
temperature, adrenal activity, and de- 
pletion of body reservoirs of catechola- 
mines and are modifiable by difference 
in group size, ambient temperature, 
genotype, and past experience. Presum- 
ably, the novelty of grouping, aggres- 
sion, and heightened excitement act to 
mobilize physiological actions that add 
to the stimulating Properties of am- 
phetamine. In combination their effects 
can be excessive, Physiological mecha- 
nisms are overtaxed and death results. 
In this review an attempt is made to 
present the basic relations between 
grouping and amphetamine toxicity and 
describe the known behavioral and 
Physiological mediators. Nearly all ex- 
perimental effort has involved the mouse 
(Mus musculus), Of all density re- 


1 This resear 
Grant HM-06139 from t 
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sponses investigated (for partial re- 
views, see Thiessen, 1964a; Thiessen & 
Rodgers, 1961) the mechanisms of am- 
phetamine toxity are perhaps best eluci- 
dated. 


Tur Druc 


Amphetamine is described as a syn- 
thetic sympathomimetic (adrenergic) 
amine having a potent stimulating ef- 
fect on the central nervous system 
(Grollman, 1960). Its primary site of 
action is at the lower brain centers, in- 
cluding the midbrain reticular system, 
hypothalamus, and limbic structures 
(Berger, 1960; Sharp, Nielson, & Por- 
ter, 1962). Barbiturates, tranquilizers, 
and other central nervous system depres- 
sants effectively antagonize the Tam 
lating actions of amphetamine beg 
man, 1960; Lasagna & McCann, 1957). 
Amphetamine is marketed as a — 
amphetamine phosphate or age, 4 
amphetamine or Benzadrine) m a 
dextroamphetamine sulfate (d-amp e - 
mine or Dexidrine), both with ae 
pirical formula of (CN) = = 
The dextrorotatory isomer of amph $ 
mine sulfate (d) exerts a greater ae 
lating effect on the central Ea a 
tem than does the racemic comp ea 
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whereas the racemic variety predomi- 
nates in cardiovascular activity (Groll- 
man, 1960; Moore, 1963). The simi- 
larity of amphetamine to endogenously 
produced hormones (e.g., epinephrine 
and norepinephrine) and its extensive 
use as a pharmacologic “psychic ener- 
gizer” have led to numerous reports on 
its action. The effects are multiple. Am- 
phetamine has been reported to in- 
crease general activity (Gunn & Gurd, 
1940), alter conditioning processes 
(Hunt & Beckwith, 1956), depress food 
intake (Sharp et al., 1962), initiate 
tonic-clonic convulsions (Swinyard, 
Clark, Miyahara, & Wolf, 1961), cause 
death (Warren & Werner, 1946), raise 
body and brain temperatures (Askew, 
1962; Rothballer, 1959), modify cardio- 
vascular responses (Moore, 1963), and 
deplete body stores of epinephrine and 
norepinephrine (McLean & McCart- 
ney, 1961). Many of these effects are 
exaggerated by population density and 
thus form the basis for explaining am- 
phetamine toxicity under conditions of 
social interaction. 


Tue EFFECT 


Gunn and Gurd (1940) were first to 
describe the excitement that occurred 
when white mice? were grouped six to 
a cage following injection of dl-ampheta- 
mine and Chance (1946), in turn, noted 
that the toxicity of this drug was mark- 
edly enhanced when mice were grouped. 
Both of these observations have been 
confirmed repeatedly (Askew, 1962; 
Burn & Hobbs, 1958; D’Arcy & Spur- 
ling, 1961; Fink & Larson, 1962; Green- 
blatt & Osterberg, 1961; Hardinge & 
Peterson, 1963; Höhn & Lasagna, 1960; 
Lasagna & McCann, 1957; Moore, 
1963; Swinyard et al., 1961; Weaver & 
Kerley, 1962). Amphetamine initiates 


2 Where possible strain nomenclature is pre- 


sented. 


running, startle responses, aggression, 
and squealing (Askew, 1962; Chance, 
1946, 1947; Greenblatt & Osterberg, 
1961; Hohn & Lasagna, 1960; Moore, 
1963). Importantly, perhaps, heightened 
excitement is not ordinarily noted in 
isolated animals given the drug nor in 
aggregated mice without the drug, sug- 
gesting that amphetamine sensitizes an 
animal to social stimuli (however, see 
Moore, 1963; Thiessen, 1964b). At high 
enough dose levels and especially for 
isolated animals tonic-clonic convul- 
sions appear within the first few min- 
utes and death quickly follows (Askew, 
1962; Hohn & Lasagna, 1960; Moore, 
1963). If this sequence of events does 
not occur, death may still result but at 
a later time (usually within 4-7 hours) 
and the proximal symptom appears to 
be exhaustion (Moore, 1963; Swinyard 
et al., 1961). Grouped animals ‘in par- 
ticular die following a period of lethargy 
and coma, suggesting that isolated and 
grouped mice succumb to amphetamine 
for different reasons. 

As compared to isolated mice am- 
phetamine toxicity is potentiated in 
group sizes of 3 (Hardinge & Peterson, 
1963; Höhn & Lasagna, 1960; Lasagna 
& McCann, 1957; Swinyard et al., 
1961), 4 (Moore, 1963), 5 (Askew, 
1962; D’Arcy, 1962; Höhn & Lasagna, 
1960), 8 (Chance, 1946; D’Arcy & 
Spurling, 1961), 9 (Hardinge & Peter- 
son, 1963), 10 (Burn & Hobbs, 1958; 
Chance, 1946; Fink & Larson, 1962; 
Greenblatt & Osterberg, 1961; Weaver 
& Kerley, 1962), 16, and 32 (Chance, 
1946). Moreover, a positive relation has 
been found between group size and am- 
phetamine mortality (Chance, 1946), 
although this relation can vary with 
changes in genotype (Weaver & Ker- 
ley, 1962), environmental temperature 
(Hardinge & Peterson, 1963), and prob- 
ably other unknown factors. For exam- 
ple, Chance (1946) did not find in- 
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creases in drug toxicity for CFF mice 
under densities of 8 whereas other in- 
vestigators have, working with different 
strains. Höhn and Lasagna (1960) were 
unable to find an increase in ampheta- 
mine toxicity between populations of 3 
and 5 for Swiss albino mice, but Fink 
and Larson (1962) found an increase in 
toxicity between populations of 5 and 
10 for CF, mice. Similarily, Hardinge 
and Peterson (1963) were unable to de- 
tect aggregation effects for Swiss-Web- 
ster mice unless the ambient tempera- 
ture approximated 26° C, Even at this 
crucial temperature amphetamine mor- 
tality was no different between popula- 
tion sizes of 3 and 9. The importance 
of genetic differences among strains of 
mice is emphasized by several investi- 
gations (Askew, 1962; Chance, 1946; 
Greenblatt & Osterberg, 1961; Hardinge 
& Peterson, 1963: Lasagna & McCann, 
1957; Moore, 1963; Swinyard et al., 
1961; Weaver & Kerley, 1962), when 
Strains are compared at room tempera- 
ture without equilibration for popula- 
tion size, sex, age, or other randomly 
varying conditions. Strain differences in 
interaction between grouping and am- 
phetamine mortality are often striking; 
yet it appears that all strains tested at 
room temperature and under communal 
circumstances respond to amphetamine 
with increased mortality. Further, as 
noted above, when increases in density 
do result in altered sensitivity to am- 
Phetamine the direction of response is 
Predictable, 

As might be expected several other 
central nervous system stimulants exag- 
8erate mortality rates when adminis- 
tered to grouped mice. Chance (1946) 
reported that dl-amphetamine, methe- 
drine, ephedrine, and adrenaline are 
highly toxic for grouped GFF mice. 
Amphetamine was particularly effective 
in this regard. Greenblatt and Osterberg 
(1961) reported that 8 of 13 stimulants 


tested hasten death in Manor Farms 
mice grouped 10 to a cage. In or- 
der of toxicity these are methampheta- 
mine, d/-amphetamine, methylphenidate, 
B-phenylisopropylhydrazine, pipradrol, 
amiphenazole, caffeine, and picrotoxin. 
Interestingly these drugs differ widely 
in chemical structure, site of action, 
and secondary effects (Grollman, 1960) ; 
nevertheless all are significantly more 
toxic for grouped than for isolated ani- 
mals. At this time there is little reason 
to suspect that all effective stimulants 
are associated with identical physio- 
logical processes. 


THE MECHANISM 


Several major “sociobiological” changes 
have been reported to account for am- 
phetamine toxicity: increased body tem- 
perature, heightened excitement (behav- 
ioral and neurological), enhanced anx- 
iety or fear, increased adrenocortical 
activity, and depletion of body stores 
of catecholamines. Increases in body 
temperature and neurological excite- 
ment, however effected, are particularly 
important and may represent “last com- 
mon pathways” between behavior and 
amphetamine mortality. 


Temperature 


The notion that body temperature 
regulates amphetamine mortality arises 
from the existing association between 
environmental and body temperature as 
well as from the demonstration that 
sympathomimetic amines raise body 
temperature (Hardinge & Pepa 
1963; Warren & Werner, 1946) an 
that high environmental temperature 
often leads to enhanced toxicity 1n a 
lated or grouped mice (Askew, 1962; 
Chance, 1946, 1947; Fink & iar 
1962; Hardinge & Peterson, 1963; m 
ren & Werner, 1946). Generally, Eo 
animals are more sensitive to angi 
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in environmental temperature. Ampheta- 
mine LD;oọ for isolated animals housed 
at environmental temperatures ranging 
from 16° C. to 32° C. is about 56% 
lower at the upper temperatures, while 
LD; for grouped animals at environ- 
mental temperatures ranging from 21 
C. to 27° C. is about 78% lower at the 
upper temperatures. Thus even a small 
increase in temperature for grouped ani- 
mals exaggerates drug toxicity. Both 
Fink and Larson (1962) and Hardinge 
and Peterson (1963) report an inter- 
action between environmental tempera- 
ture, drug toxicity, and Srouping—as 
temperature increases, toxicity becomes 
more pronounced for grouped animals. 
However, if aggregated mice are ex- 
posed to a rapidly moving stream of air 
at a wide range of temperatures, differ- 
ences between isolated and grouped mice 
disappear (Askew, 1962; Hardinge & 
Peterson, 1963). Further, a direct re- 
duction in ambient temperature from 
25° C. to 10° C. can give protection to 
aggregated mice, even if exposure to the 
lower temperature is only for a few 
minutes just before or after injection 
of amphetamine (Höhn & Lasagna, 
1960). Presumably, protection from am- 
phetamine results from a greater dissi- 
pation or reduction in body heat. While 
a drop in temperature is protective, 
should ambient temperature and hence 
body temperature drop too low, am- 
phetamine again increases in toxicity. 
Hohn and Lasagna (1960) found a sig- 
nificant increase in mortality in aggre- 
gated mice when the ambient tempera- 
ture was lowered from 25° C. to 7 G: 
or 3° C. Perhaps a significant deviation 
from thermoneutrality in either direc- 
tion potentiates the effects of ampheta- 
e. 
Direct measurements of body tem- 
perature generally confirm the relation 
between heat regulation and ampheta- 
mine toxicity. Askew (1962) reports 


that mice housed five to a group re- 
spond to amphetamine with a greater 
rise in rectal temperature than do iso- 
lated mice. Further, as environmental 
temperatures increase amphetamine will 
raise body temperature above that ex- 
pected when either high environmental 
temperature or amphetamine is applied 
separately. After several tests with ag- 
gregated mice, Askew concluded that 
irrespective of the dose of amphetamine 
given and regardless of the housing 
condition and external temperature, all 
those mice whose rectal temperature re- 
mained below 41.7° C. survived while, 
with a rare exception, all those whose 
rectal temperatures rose above 42.4° C. 
died. Isolated mice also succumbed at 
approximately 42.4° C. but less fre- 
quently attained this lethal body tem- 
perature. Chlorpromazine and phenoxy- 
benzamine antagonized both rises in 
body temperature and mortality. Con- 
versely,  4-Methyl-E-(B-chlorenthyl)- 
thiazole and L-thyroxine increased both 
body temperature and amphetamine 
toxicity. Calcium acetylsalicylate which 
had no effect on body temperature was 
also without effect on mortality. In no 
case did these compounds enable mice 
to withstand a rise in body temperature 
that would normally be fatal to un- 
treated mice. 

Variations in body temperature can- 
not, however, account for all deaths due 
to stimulating drugs. Swinyard et al. 
(1961) found approximately the same 
hyperthermic response to amphetamine 
for isolated and grouped mice even 
though aggregated mice died more fre- 
quently. Correspondingly, Greenblatt 
and Osterberg (1961) found that toxic 
drugs could produce either hyper- or 
hypothermia. Of those drugs that were 
more toxic to grouped mice meth- 
amphetamine, d/-amphetamine, methyl- 
phenidate, and amiphenazole caused an 
increase in rectal temperature, whereas 
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B-phenylisopropylhydrazine, caffeine, 
and picrotoxin caused a decrease in 
rectal temperature. It is possible, of 
course, that the physiological events 
leading to death are quite drug specific. 
It is of interest, however, to point out 
that almost all of the compounds re- 
ported to reduce amphetamine toxicity 
are antagonists of adrenaline (Askew, 
1962; Lasagna & McCann, 1957; Max- 
well, 1959), itself a hyperthermic agent 
(Turner, 1961). The close associa- 
tion between environmental tempera- 
ture, body temperature, and toxicity of 
at least one drug, amphetamine, sug- 
gests a critical mechanism. 


Excitement 


Changes in behavior resulting from 
grouping may potentiate the action of 
amphetamine. A common observation is 
that grouping increases general activity, 
aggression, startle reactions, and squeal- 
ing (Barnett, 1963: Southwick & Bland, 
1959; Thiessen, 1963, 1964b; Thiessen, 
Zolman, & Rodgers, 1962) and that 
these responses are exaggerated by am- 
phetamine (Chance, 1946; Gunn & 
Gurd, 1940; Greenblatt & Osterberg, 
1961; Hohn & Lasagna, 1960; Maxwell, 
1959). It is likely that the synergistic 
association between behavior and am- 
phetamine toxicity acts through com- 
mon physiological mechanisms, perhaps 
involving decreases in thresholds for 
neural arousal as well as increases in 
body temperature. 

Swinyard et al. (1961) have explored 
the relation of amphetamine toxicity to 

Ousing experience and central nervous 
System arousal. Mice aggregated three 
per cage showed the typical suscepti- 
bility to amphetamine; however, in- 
creasing the degree of experience with 
group housing prior to the adminis- 
tration of the drug strikingly reduced 
the mortality rate. D’Arcy (1962) has 
replicated this finding, Swinyard and 


his colleagues went on to show that 
grouping per se lowers pentylenetetrazol 
(Metrazol) seizure thresholds and is 
particularly marked when amphetamine 
is given. Together these results suggest 
that grouping effects and amphetamine 
stimulation summate to enhance central 
neural activity and that this activity is 
depressed by previous exposure of ani- 
mals to each other. It may be, as these 
investigators infer, that drug toxicity is 
the result of a high level of neural 
activity that can be reduced in amount 
by prior adaptation to noxious social 
stimuli (anxiety and fear-producing 
stimuli). On the basis of this hypothe- 
sis, stressors of various sorts would be 
expected to enhance amphetamine tox- 
icity and reduce seizure threshold. This 
has been confirmed in a number of 
ways. Restricting cage size has been 
variably related to amphetamine tox- 
icity (Chance, 1947; Fink & Larson, 
1962; Hardinge & Peterson, 1963; Höhn 
& Lasagna, 1960), but in general in- 
creases the potency of amphetamine. 
Body restraint also has the effect of de- 
creasing electroshock and pentylenetet- 
razol seizure thresholds and may be Te- 
garded as mediated by catecholamine 
secretion from the adrenals (Swinyard, 
Radhakrishnan, & Goodman, 1962). 
Foot shocks to isolated mice have been 
reported to significantly decrease the 
LDso of amphetamine (Weiss, Laties, & 
Blanton, 1961) and are to an extent re- 
lated to increases in body temperature 
(Askew, 1962). Forced exercise of iso- 
lated mice will likewise lower LDso 
threshold to a level found when animals 
are grouped (Hardinge & Peterson, 
1963). Crowding per se is typically 
associated with increases in adrenal ster- 
oid and catecholamine secretion (Thies- 
sen & Rodgers, 1961) while ampheta- 
mine stimulates the depletion of cate- 
cholamines from body stores, especially 
for mice housed as a group (Moore, 
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1963). Moreover, isolated mice pre- 
treated with cortisol or long-acting corti- 
cotropin show a greater frequency of 
death when given amphetamine (D’Arcy 
& Spurling, 1961). Corticotropin addi- 
tionally enhances amphetamine toxicity 
in grouped animals, suggesting that 
endogenous adrenal steroids are more 
effective in this regard than injected 
cortisol. Overall, it appears that those 
factors, however diverse, that stimulate 
adrenocortical or catecholamine secre- 
tion act to enhance the lethality of am- 
phetamine. Perhaps the decisive final 
actions are a rise in body temperature 
and excessive neurological activity. 
Conversely, conditions which antago- 
nize adrenal steroid and catecholamine 
activity or attenuate behavioral and 
neurological excitement also reduce am- 
phetamine toxicity. Implicating adrenal 
activity is the observation by Weiss 
et al. (1961) that adrenalectomized 
mice withstand doses of amphetamine 
that are normally toxic for intact ani- 
mals. Several drugs which either de- 
press andrenergic activity or reduce 
behavioral and neurological excitement 
have a similar effect. Reserpine, chlor- 
promazine, dibenzyline, dibozane, phe- 


noxybenzamine, phenotolamine, phenyl- 
homoveratryl-piperazine, piperoxane, 
and promazine, among others already 
mentioned, reduce amphetamine toxicity 
within groups of mice and frequently 
are highly effective at dose levels which 
depress motor activity (Askew, 1962; 
Lasagna & McCann, 1957; Maxwell, 
1959; Weiss et al., 1961). Interestingly, 
reserpine can also reduce adrenal hy- 
pertropy due to the grouping of mice 
(Christian, 1956). Maxwell (1959) 
found a close association between the 
ability of several of the drugs listed 
above to reduce amphetamine toxicity 
in grouped mice and depression of 
motor activity (rho computed from his 
data = .86; p < .05). For at least two 
of these agents, reserpine and chlor- 
promazine, as dose level increases, the 
number of animals dying from ampheta- 
mine decreases (Burn & Hobbs, 1958). 
This relation is set down in Table 1. 
The degree of protection afforded by 
chlorpromazine was particularly marked 
for grouped animals, suggesting that 
grouped animals are not only more sus- 
ceptible to drug lethality but also to 
conditions that reduce mortality. This 
has been confirmed for reserpine and a 


TABLE 1 


EFFECT OF TRANQUILIZERS ON DL-AMPHETAMINE Toxicity IN MICE 


Reserpine Chlorpromazine 
Grouped* Isolated Grouped? 
mg/kg % mortality mg/kg % mortality mg/kg % mortality 
pees ee 
76 00 88 .00 93 
e 70 .30 75 .10 77 
10 61 .60 64 A 67 
5 44 1.20 45 24 50 
T 27 2.40 15 60 13 


_—Burn and Hobbs, 1958. 
EIT dl-amphetamine. 
b 100 mg/kg d-amphetamine. 
o 14 mg/kg dl-amphetamine. 
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ADRENAL SECRETION 


BODY TEMPERATURE 


NEURAL EXCITATION 


POPULATION DENSITY 


Fic. 1. Relations between population density, physiological response, and amphetamine toxicity. 
(Explanation in text.) 


variety of adrenergic blocking drugs 
(Maxwell, 1959), Exposure to cold is 
another means used with crowded mice 
to depress excitement and hence am- 
phetamine toxicity. Mice exposed to 10° 
C. for varying periods of time showed 
less ambulatory behavior and a 50% 
reduction in amphetamine mortality 
(Höhn & Lasagna, 1960). All of these 
effects are consistent with the inter- 
Pretation that a lowered output of 
adrenal products, reduction in body 
temperature, and a depression of be- 
havioral and neurological activity act in 
Opposition to the stimulating effects of 
amphetamine. Again the final common 
pathway may involve temperature regu- 
lation and neurological excitement. 


Tur THEORY 


: Evidence appears to document a rela- 
tion between crowding, behavioral ex- 


citement, secretory action of the adre- 
nals, heightened neurological activity, 
increased body temperature, and am- 
phetamine toxicity. Presumably intense 
social interaction initiates adrenal ster- 
oid and catecholamine secretions which 
arouse central nervous system activity 
and increase body temperature. Am- 
phetamine, to an extent, stimulates 
identical pathways. In this sense o; 
pharmacological activity duplicates an 

exaggerates those processes already A 
tivated by grouping and should not : 
viewed apart from other amet 
processes of population dynamics. 4 e 
difference lies not in mode of operation 
but in degree and consequence. Denes 
populations can collapse piers ca 
phetamine (Thiessen & Rodgers, a Z 
What amphetamine does, ee a 

to add to the physiological load already 


balanced at a precarious level—the 
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TABLE 2 


RANK-ORDER CORRELATION OF AMPHETAMINE LETHALITY, Motor ACTIVITY, 
AND RECTAL TEMPERATURE IN ISOLATED AND GROUPED MICE 


Isolated Grouped 
Motor Rectal Motor Rectal 
activity temperature activity temperature 
Tolea 31 39 65" 78% 


Lethality potency ratio: Grop 50 


Note.—Greenblatt and Osterberg, 1961. 
*p <.05. 


physiological burden becomes excessive 
and death results. 

Adrenal action, neural excitement, and 

body temperature must be primary me- 
diating mechanisms. The data examined 
suggest that any means used to stimu- 
late these systems enhance the toxicity 
of amphetamine while any means used 
to depress these systems afford consid- 
erable protection from amphetamine. 
Figure 1 presents a relational diagram 
that summarizes the interactions as- 
sumed to be operating when popula- 
tion density increases. The borders of 
the figure show the most important rela- 
tions for any increase in density. The 
arrows indicate direction of response as 
well as degree. The clearest relations are 
between the opposing border arrows—as 
density increases, adrenal secretion in- 
creases and as body temperature rises, 
so, presumbly, does neural excitation. 
Relations between adjacent border ar- 
rows are probably valid; for example, 
as adrenal secretion rises so does body 
temperature and neural excitation. Thus, 
population density per se is seen to ini- 
tiate adrenal secretion, a rise in body 
temperature, and an increase in neural 
excitation. It is assumed that any of 
these factors acting singly or in com- 
bination can result in death if activated 
to excess. Superimposed on these ae 
tions are those processes associated wit 


amphetamine. These are depicted in the 


body of the figure by arrows differing 
in slope and length. As population den- 
sity increases amphetamine potentiates 
the rise in adrenal secretion, body tem- 
perature, and neural excitation. The 
threshold for death is quickly reached. 
An increase in environmental tempera- 
ture has a similar effect but is slower 
acting and less likely to end in fatalities. 
Prior experience with grouping attenu- 
ates all the stimulating qualities of 
amphetamine and prevents death. Cen- 
tral nervous system depressants appear 
to block amphetamine and population 
death most effectively. 

The above schema is consistent with 
existing data and has the advantage of 
incorporating the effects of ampheta- 
mine with those common to density 
per se. Additional effects of stress and 
other manipulations of amphetamine 
toxicity can easily be integrated into 
this broader picture. However, it is not 
clear what weight should be given to 
the various factors. Too, while it is as- 
sumed that social interaction is the 
proximal stimulus for the critical series 
of events, just what type of interaction 
is involved and how closely it relates 
to amphetamine toxicity is little known. 
Greenblatt and Osterberg (1961) do 
suggest that body temperature is more 
closely associated with drug toxicity 
than is motor activity. These investi- 
gators related motor activity in isolated 
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and grouped mice with the maximum 
body temperature attained during a 2- 
hour period. When the effects of 13 
stimulating drugs (described earlier) 
were analyzed it was found for grouped 
animals that drug lethality was signifi- 
cantly and positively related to both 
motor activity and rectal temperature 
(Table 2). This was not true for 
isolated mice, again indicating that iso- 
lated and grouped animals respond dif- 
ferently to stimulating drugs. Impor- 
tantly, motor activity and rectal tem- 
perature did not correlate significantly 
for grouped animals (7 = 48), although 
the correlation was moderate and in the 
expected direction. This would suggest 
that the critical response is a rise in 
body temperature; although motor ac- 
tivity perhaps adds to the total ef- 
fect by its action on body temperature 
(Hardinge & Peterson, 1963). Still un- 
clear is how body temperature and neu- 
ral arousal interact and to what degree 
these depend upon adrenal activation. 
As mentioned earlier, Swinyard and his 
colleagues (1961) found that ampheta- 
mine lowered the threshold for neural 
arousal but they were unable to find an 
associated change in body temperature. 
Further investigation may give consid- 
erable weight to functions of the cen- 
tral nervous system. Until such a time 
that the important features of group 
behavior can be outlined and appropri- 
ate weight assigned to separate physio- 
logical responses the correlational model 
Suggested by Figure 1 can serve to point 


Out important relations and critical in- 
teractions, 
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TAXONOMIES AND CORRELATES OF PHYSIQUE? 
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“Subjective” and “objective” taxonomies of human physique are more 
or less correlated among themselves and in different degrees with an 
array of nonanthropometric variables of interest to psychologists. There 
is probably closer correspondence between anthropometric data and 
function than is reported in the literature, The most advanced 
taxonomies can be improved, principally by: greater differentiation of 
predictive anatomical variables; increasing the scope of the systems to 
include such elements as internal body organs, the differential influences 
of nutrition, and age; and through use of refined multivariate statistical 


techniques for representing and analyzing complex data. 


During the 1940s and early 1950s 
there was considerable interest evinced 
by psychologists in constitutional tax- 
onomies because it was evident that 
systematic accounts of behavior depend, 
at least in part, upon systematic ac- 
counts of variation in physique. In the 
last few years this area of specialization 
seems to have attracted less attention. 
However, in other sciences, particularly 
physical anthropology, there has been 
virtually no diminution of either interest 
in or effort expended on this topic. It 
would be to the advantage of the psy- 
chologist to reconsider this theme once 
again, particularly the specialized areas 
of measurement, statistical representa- 
tion, developing ‘taxonomies, and the 
relationship of form to function. These 
are natural provinces for the behavioral 
scientists, for either the theoretician or 
for his applied psychology counterpart. 
_ There are many unsolved methodolog- 
ical and technical problems associated 
with the development of taxonomies for 
Tepresenting physique. What measure- 
ment should be used; what are the best 
measures; how should certain lengths be 
defined? Can objective data and the 


+This study was supported by Research 
Grant RD-592 from the Vocational Rehabilita- 
tion Administration, Washington, D. C. 


prediction formulas be generalized for 
both sexes, all races, all ages? How do 
“objective” measures of physique cor- 
relate with “subjective” ratings of body 
type? What is the relationship of struc- 
ture to performance? The questions are 
endless. 

The work of Thurstone (1946a; 
1946b, 1947) supports the contention 
that no statistical system, by itself, 
establishes the reality of discrete body 
types. This is a fundamental problem to 
be solved by appropriate research. On 
the other hand there is nothing to pre- 
clude the development of scaling sys- 
tems for physique regardless of the 
underlying genetic variables and the re- 
sponse of the body to plenty and priva- 
tion. Many scientists have exercised their 
prerogative to sort and classify differ- 
ences among people throughout re- 
corded history and will continue to do 
so. Nonetheless, the known pute 
merely represent convenient Bed 
classifying individual constitutional se 
ferences according to more or ‘ess 
“standardized” schemata. 

In practice, several different systems 
are commonly used, regardless of ma 
reservations connected with typo i 
For example, differentiation pe P. z 
siques, however dependent upon a 
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fect taxonomic methodologies, has been 
studied and associated with age (Behnke, 
1878; Clarke, Irving, & Heath, 1961; 
Hunt & Barton, 1959; Newman, 1952; 
Sheldon, Stevens, & Tucker, 1940), 
climate (Newman & Munro, 1955; 
Roberts, 1953), delinquency (Glueck & 
Glueck, 1950; Sheldon, Hartl, & Mc- 
Dermott, 1949), disease (Damon, 1960, 
1962; Damon, Fowler, & Sheldon, 1955; 
Draper, Dunn, & Seegal, 1924; Pearl 
& Ciocco, 1934), endurance (Caldwell, 
1964), maturation (Acheson & Duper- 
tuis, 1957; Hunt & Barton, 1959; 
Karvonen & Kunnas, 1947; Krogman, 
1956; Newman, 1952), motor ability 
and motor capacity (Bull, 1958; Caruth, 
1953; Davies, 1957; Sills, 1950), nu- 
trition (Jones, 1957; Keys, 1946; 
Lasker, 1947), occupation (Damon, 
1955; Damon & McFarland, 1955; 
Garn & Gertler, 1950; Hannan, 1945; 
McFarland, Damon, & Stoudt, 1958), 
personality and behavior (Adcock, Mc- 
Creary, Ritchie, & Somerset, 1958; Bull, 
1958; DiGiovanni, 1919; Eysenck, 
1953; Fiske, 1944; Heath & Seltzer, 
1945; Parnell, 1958; Seltzer, 1946; 
Sheldon & Stevens, 1942; Wiersma, 
1933), physical performance (Barter, 
Emanuel, & Truett, 1957; Bookwalter, 
1952; Cullumbine, 1949; Duggar, 1963; 
Eränko & Karvonen, 1955; Parnell, 
1951b; Pere, Kunnas, & Telkka, 1954; 
Sills & Mitchem, 1957; Sinelnikoff & 
Grigorowitsch, 1931; Tappen, 1950; 
Telkka, Pere, & Kunnas, 1951), psy- 
chomotor performance (Jones, 1957; 
Jones, 1949; Mohr & Gundlack, 1937; 
Sills & Everett, 1953), reaction time 
(Janoff, Geck, & Child, 1950; Smith & 
Bogarsky, 1943), smoking (Damon, 
1961; Parnell, 1951a; Seltzer, 1959), 
specific gravity (Dupertuis, Pitts, Osser- 
man, Welham, & Behnke, 1951), strength 
(Clarke, 1954, 1957; Clarke et al., 
1961; Hunsicker, 1955; Hunsicker & 


Greey, 1957; Jones, 1947; Larson, 1940; 


Lookabaugh, 1937; Roberts, Provins, & 
Morton, 1959), susceptibility to psy- 
chological pathology of various types 
(Rees, 1950; Rees, 1961; Wertheimer 
& Hesketh, 1926), vital capacity (Allen, 
Peng, Cheng, Huang, Chang, & Tang, 
1956), and weight (Behnke, 1961a; 
Behnke, Guttentag, & Brodsky, 1959; 
Bullen, 1963; Hechter, 1959; Stoudt, 
Damon, & McFarland, 1960; Tanner, 
1951; Taylor & Behnke, 1961). Many 
other topical studies are not mentioned 
in this list. 


CLASSIFICATION SYSTEMS 


According to Pearl and Ciocco (1934) 
the study of body forms has, for one of 
its major objectives, the discovery of 
stable organic variables associated with 
it, and, eventually, the precise numer- 
ical measurement of such variables in- 
cluding their interrelationships. The 
main technical problem is not the in- 
vention of taxonomies, but rather the 
search for constants upon which taxon- 
omies ultimately must depend. Still in 
the process of development, all classifi- 
cation systems are biased by many 
ephemeral dimensions. Confusing sys- 
tems of classifying living objects with 
their genetic determinants lead only to 
useless controversy., One theme should 
not be mistaken for the other even 
though the available taxonomies are 
rather makeshift at best. i 

Physique, the body form of an in- 
dividual, is more susceptible to measure- 
ments than almost any other constitu- 
tional or related factors such as psy- 
chological and physiological variables, 
The history of the classification of 
human constitution is summarized in 
detail by Ciocco (1936) and Sheldon, 
Stevens, and Tucker (1940). The ear- 
liest attempts to classify body build 
were essentially subjective evaluations. 
Hippocrates (undated) separated human 


by 
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constitution into two general groups: 
the short, heavy, and strong: the tall, 
slight, and weak. He associated these 
physical categories with susceptibility to 
disease. Galenus (1881) related the 
four “humours” to body variations. 
Since Galenus works remained the 
standard text for centuries, little was 
added to constitution analysis until 
early in the nineteenth century when 
Rostan (1828) proposed three body 
categories which seemed to be the pro- 
totypes of endomorphy, mesomorphy, 
and ectomorphy. Beneke (1878) sug- 
gested two distinct body groups as- 
sociated with ectomorphy and endo- 
morphy. He also measured the internal 
body organs. Variations in size were 
found to be associated with age, body 
classification, and disease. Subsequent 
work of the Italian anthropologists’, 
especially Lombroso’s (1889, 1911) 
studies of criminality and atavism, rein- 
forced the correlations between behavior 
and physical constitution. Viola (1932) 
is also known for his work on body 
measurements, 

Kretschmer (1921), a German psy- 
chiatrist, was responsible for a new 
wave of interest in the relationship be- 
tween anthropology and psychology. 
Modifying the system posited by Rostan 
he classified physique into pyknic, 
asthenic, and athletic groups. Because 
of his dominant concern in the psycho- 
logical aspects of constitution, he as- 
Sociated body form with psychological 
disorders, Accordingly, he differentiated 
between schizothymic and cyclothymic 
syndromes and attempted to relate these 
concepts to body types. Later, and un- 
Successfully, he tried to correlate mus- 
cular and dysplastic body structure 
with epileptoid disorders. In contrast to 
this, he established certain associations 
between mental illnesses and physique 
which have not been disproved. The 
general result was that Kretschmer in- 


fluenced many workers even though he 
has been criticized for his methods, sub- 
jectivity, and statistical analyses of his 
data. 

Considered by many to be the most 
advanced, the next major schema was 
developed by Sheldon who modified the 
historical systems and attempted to con- 
struct a rationale around the facts of 
embryological development. For a com- 
parison of Kretschmer’s and Sheldon’s 
systems see Ekman (1951). Sheldon 
retained Kretschmer’s dysplasia variable 
and added gynandromorphy (g) and 
texture (t) indices. He (Sheldon et al., 
1940; Sheldon, Dupertuis, & McDer- 
mott, 1954) asserted that the three 
germinal layers of the embryo, namely, 
the ectoderm, endoderm, and the meso- 
derm, give rise to three different kinds 
of tissue; significant differences in the 
proportions with which these tissues oc- 
curred in different physiques suggested 
different body types. This is a statistical 
inference for genetic determination of 
“type,” nothing more, and thus cannot 
be considered an explanation of the 
taxonomy which provided the data upon 
which it depends. He rated each com- 
ponent on a 7-point scale of which, it is 
agreed, many permutations, such as 
7-7-7, 1-1-1, or 6-1-6, could not logically 
exist. He also stated that any soma- 
totype in which the sum of the three 
components is less than 9 or over i 
(revised to 13) should be reexamine 
by another observer. i 

A prime contribution to science was 
his standardized photoscopy technique. 
Also, in this same frame of reference 1s 
the relationship of photograrint 
anthropometry to an androgyny 1984) 
(Tanner, 1951) and Tanner's ( H 
remarks on reliability of anthropos ae 
somatotyping. Meredith (1940) an 

vided acute 
ay a BS S a i Meredith 

iti eldo] 3 
toned the sources of Sheldon’s data, 
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the quantity, and the definitions of 
endomorphy and ectomorphy, while 
Humphreys contended that Sheldon’s 
scale is more ipsative (individual) than 
normative (group). He also asserted 
that the arm chair choice of types “re- 
stricts the data in predictable ways 
[Humphreys, 1957, p. 227].” 
Several other systems, mainly derived 
from Sheldon’s work, have emerged. 
Hooton (1948, 1951, 1959) used the 
Sheldonian technique to rate endomor- 
phic and mesomorphic components, and 
the ponderal index to rate “ectomorphy.” 
Though his system is not in use today 
his report is a source book for much 
information on the constitution of 
soldiers. In his work are data on 35,000 
soldiers from the original series of 50,000. 
In 1954 his death terminated the proj- 
ect, otherwise 9,000 to 10,000 more of 
the total series would have been evalu- 
ated. All these data are to be made 
available for further scientific study. 
Since the correlation between these 
two classification schemes is known, the 
work retains its value even though the 
Hooton system is no longer used. A 
statistical comparison of these taxon- 
omies was done by Dupertuis and 
Emanuel (1956), who found correla- 
tions in the .80s for each of the three 
major components, including the ecto- 
morphy-ponderal index. However, the 
highest correlation (.86) was found for 
ectomorphy, the third component. 
Gynandromorphy correlated only .66 
and dysplasia .05, a functional zero. On 
the average, the Hooton ratings were 
51 unit higher than Sheldon’s for 
endomorphy, the first component; 1.00 
unit lower for mesomorphy, the second 
component; and 67 unit higher for 
ectomorphy, the third component. The 
findings on endo plus ecto agree quite 
well with Hooton’s (1959) own state- 


ments: 


muscular development on the basis of this 
series is marked more strictly and more con- 
servatively. The difference between our rating 
and that of Sheldon is probably nearly one 
grade. . . . In the appraisal of fatty de- 
velopment, on the other hand, it is certain 
that our grading is more liberal than that of 
Sheldon in the lower ranges of fatty de- 
velopment [p. 12a]. 


Among others, Parnell (1954a, 1954b) 
considered somatotyping to be an art, 
not a science. He also contended that 
somatotyping required too much labor, 
time, and expense. As an alternative, he 
used easily obtained physical measures, 
and by comparing these with the stand- 
ard deviations above and below the 
respective means of the obtained values, 
he closely approximated somatotype 
ratings. 

Later, Parnell (1958) refined his sys- 
tem by changing the original measures, 
including the favored ponderal index, 
and eliminating others which were not 
proportionately useful. Major changes 
were made in plotting the scales around 
their means with column units equiva- 
lent to .5 SD, a procedure which re- 
sulted in a 13-point scale which was 
extended to include the range of the 
female population. Parnell analyzed dis- 
tributions of these measures on a simple 
basis of mean plus standard deviation 
and showed several dimensions of 
physique to be skewed. But if these data 


are truly skewed, then description of 


the distributions in terms of standard 
deviation is technically erroneous and 
misleading. An obvious improvement 
could have been achieved had skewed 
measures been transformed, normalized, 
or represented by more appropriate 
mathematics. The statistical treatment 
of these data was clearly limited and 
unnecessarily simplified. 

Skewness is a real variable and to 
ignore this finding is to sacrifice a dis- 
covery which is worthy of the most 
careful study. Under certain circum- 
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stances skewness may not interfere in 
any practical way with establishing 
relative probabilities of similarities or 
difference among certain distributions. 
But when inherent in a descriptive 
taxonomy it must be considered a pri- 
mary phenomenon. For example, skew- 
ness is clearly associated with body 
diameters, many of which are vulner- 
able to transitory influences. Measures 
of body and body extremities in units 
of length, however, appear to be “nor- 
mally” distributed and far less vulner- 
able to impermanent external states. 
But why should one dimension be 
skewed and the other not? 

Using logic similar to Parnell’s, Linde- 
gard (1953, 1956) developed a some- 
what different system composed of four 
major factors: length, sturdiness, fat, 
and muscle. In this construct, length is 
represented by radial and tibial bone 
lengths and sturdiness by bone widths. 
Muscle is measured by dynamometers, 
hand grip, shoulder pull, and shoulder 
thrust. The measures are taken three 
times and in each case the highest is 
considered the best statistic. These three 
classes of scores are evaluated by means 
and standard deviations. A fat factor 
is determined by regression equations 
which include the amount of muscle and 
certain body circumferences, 

Although Lindegard’s method is 
among the more complicated, it has not 
resolved the problem of which dimen- 
sions give the most information. Since 
Lindegard has modified his system as 
certain measures have been found to 
yield more information than others, it 
must be concluded that the system is 
not yet standardized, a characteristic 
of all taxonomies, not Lindegard’s alone. 

A complex system devised by Schmitz 
and analyzed by Schich (1953) is es- 
sentially as follows. Transformation of 
height, chest, and abdominal circum- 
ference establishes three axes: I, II, III 


—corresponding to types, leptosome, 
athletosome, and pyknosome. Body 
weight is transformed to a cube 1,000 
cubic centimeters with edge of 10 centi- 
meters and weight of 1 kilogram. The 
formulae then become: 


=1+w(k—w-— 1) 
W=1-F(h-w-1-b +4) 


W=1-5(’—w-14+5-d) 


where w = cube edge length, 4 = cube 
height, b = cube breadth, and d = cube 
depth expressed in logarithmic values of 
absolute measures. The product of the 
three axes always equals 1,000 cubic 
centimeters. Although it is impossible to 
equate Schmitz’s evaluation with Kret- 
schmer’s (1921) types, the use of three- 
dimensional mathematics to represent 
physique is a scientific advance. 2 
However, there are other issues. 
Clearly, temporary body states have 
plagued taxonomists and will continue 
to do so unless they are identifed and 
integrated into classification systems. 
For example, Sheldon (Sheldon et al., 
1940) asserted that body type 1s con- 
stant throughout life despite nutritional 
effects. But Howells (1957), in a 
study of a representative sample of 
Hooton’s (1948) military data, pointed 
out that girth measures are very 1m- 
portant in nutritive and age studies and 
that girth has been avoided if not 
actually rejected by physical ne 
pologists. Accordingly, Parnell’s (19 à 
treatment of skewed data will illustrate 
this point. If nutritional or other cea 
can disrupt the development a Ae 
body build to such an extent m SE 
rating, made with the aid of a 
ponderal index, thereby varies STA 
cantly, then extant prediction ae! me 
limited application. Sheldon’s da 


in this category. 
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Certain starvation experiments, to 
which girth dimensions are vulnerable, 
are informative. Keys (1946), at the 
University of Minnesota, conducted a 
closely controlled 24-week famine diet 
study of 34 volunteers who were con- 
scientious objects. Average weight loss 
was 24%. Seventeen body diameters 
suggested by Sheldon were measured. 
All body dimensions, including stature, 
markedly decreased. Endomorphy de- 
creased an average of 49%, mesomorphy 
was reduced 43%, and ectomorphy in- 
creased 77%. Lasker (1947) also de- 
scribed the effects of partial starvation 
on somatotype and concluded that 
somatotype “serves better as a measure 
of nutritional status than as a measure 
of inherent tendencies to specific con- 
stitutional types [p. 324].” 

For some, Lasker’s work suggests 

that physical constitution itself is a 
highly variable entity, only appearing 
stable because of relative economic and 
sociological equilibrium of one culture 

or another. This condition suggests a 
phenotype, and not a morphogenotype, 

which is a structural genotype. But if 

this kind of proposition is accepted 
without qualification it implies that 

physique is so amorphous as to be im- 
measurable. For example, if this is true 
then whole areas of the science of phys- 
ical anthropology must either be aban- 
doned or a very different basis for 
classification of physique developed. 
Otherwise physical anthropometry and 
systems of sorting physique, basic tools 
in anthropology, are mere technical 
extravagances. i 

The effects of malnutrition do not 
sustain these types of rebuttals to the 
various body classification systems. The 
starved mesomorph is not comparable 
to the well-nourished mesomorph, and 
no such comparison should be made 
either to support or reject the body- 

type hypothesis. Instead, more atten- 
tion should be given to discriminating 
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among constant and inconstant vari- 
ables. The failure to do so is at the 
root of many technical difficulties as- 
sociated with anatomical classification 
systems of all types. Starvation experi- 
ments are irrelevant except as they 
demonstrate the organism’s response to 
feeding, which, it is suggested, is pre- 
dictable. More to the point would have 
been the development of a mathematical 
scheme expressing the nature of change 
in dimensions of physique as functions 
of feeding and deprivation. The com- 
plexity of taxonomies would increase, 
but that is all. 

The sort of argument proposed by 
Lasker and others is largely self-defeat- 
ing precisely because, in turn, they do 
not propose any definition of “nor- 
mality” and because they end by demon- 
strating the possibility of classifying 
malnourished men using one of Sheldon’s 
several systems. In a sense, reliability 
of Sheldon’s system was demonstrated 
since changes in body conformation 
during starvation were reflected by 
modification of somatotype ratings. On 
the other hand, modification of somato- 
type occurred only because no differ- 
entiation was made between the starved 
and nonstarved subjects. 

Without further entering the contro- 
versy over age and nutritional effect on 
somatotype, that is, whether the soma- 
totype is a phenotype or morphogen- 
otype, it is suggested that these ques- 
tions (and many others) might be re- 
solved through the study of large-scale 
samples made possible by an easier, 
standardized method of somatotyping. 

The utility of these concepts, Brozek 
(1963) suggested, may be increased by 
a change in direction of research, not 
solely by improvement in technique. 
He asserts that the somatotype is not 
sufficiently refined as a research tool, 
and that the next major advance in 
constitutional studies will be the anal- 
ysis of internal body form for which 
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Beneke (1878) had set precedence. 
Damon (1962) provided a summary of 
some of the work relating somatotype 
to various physiological functions and 
pathological disturbances, two other 
avenues of study. 

Obviously, in somatotyping one of 
the major problems in the past has been 
the diversity of classification systems 
used in the investigations of a spe- 
cific problem area. The result of this 
seems to be that no one system has 
shown a clear-cut advantage over an- 
other. Thus, overall interpretation of 
obtained data is obscured by method- 
ological and technical differences, as well 
as varying criteria. Even somatotype 
evaluation systems are in a state of flux, 
so reliability of data obtained in differ- 
ent laboratories is difficult to establish. 
Those who classify through statistical 
systems are completely at the mercy of 
the original measures which are seldom 
standardized from one study to another. 
The results from several competitive 
schemes, nevertheless, are remarkably 
similar, a finding which has encourag- 
ing, if obvious, implications for research. 


ANTHROPOMETRIC CORRELATES OF 
Bopy CLASSIFICATIONS 


Other researchers have attempted to 
construct more comprehensive systems 
which would link the somatotype di- 
rectly to more extensive arrays of an- 
thropometric measures (Damon, Bleib- 
treu, Elliot, & Giles, 1962; Dupertuis, 
1950; Hjortsgo & Lindegard, 1953; 
Parnell, 1954a; Wigant, 1933). Once 
the relationships are established, the 
obvious advantages are the reduction 
in time, effort, equipment, and special- 
ized training which are necessary parts 
of the present somatotyping method- 
ology since the more objective body 
measures could be substituted for sub- 
Jective ratings, 

Several methods for representing such 
a relationship have been suggested. Each 


system delineates a schema for classify- 
ing body build in gross categories by 
simple and quick measures. The first 
was the body index and its variation 
(Pearl, 1940); then factor analyses 
(Burt, 1944, 1947, 1949; Hammond, 
1942, 1957a, 1957b; Hempel & Fleish- 
man, 1955; Howells, 1951, 1952; Spear- 
man, 1927; Thurstone, 1946a, 1946b, 
1947); and finally, multiple-regression 
equations (Caruth, 1953; Damon et al., 
1962; Jones, 1947, 1949). Obviously, 
the ultimate interpretations of results 
obtained by these and other statistical 
methods depend upon the mathematical 
assumptions which subsume the types of 
analyses used. For example, skewed an- 
thropometric data are generally treated 
as if skewness was unimportant. Also 
body conformation may not, and prob- 
ably does not, fit the factorial-analysis 
restriction of orthogonality. Further- 
more, the data per se selected for 
analysis are also codeterminants. And 
accumulating experience appears to in- 
dicate that any really acceptable tax- 
onomy is likely to be complex. y 

Although many are no longer in use, 

a list of some 30 body indices, and the 
way in which each is calculated, is 
presented by Tucker and Lessa (1940). 
Most of these depend upon one or more 
measures of height and breadth, or 
weight, mathematically combined to 
yield a number. These obtained com- 
posite values may be considered indices 
occupying relative positions in ei 
another type of statistical distri 2 ; 
The relationship of indices to the ra ie 
tion of physique has been explored by 
49). A 
am - See body eos 
Eysenck, 1959; Rees & oe 
fos is used commonly as a aren 
cation referent. Their oe ea 
factorial analysis of physique S$ rae 
dy be regarded as a rectang © 

that the bo y S reSrped with fair ac 
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height and width. By multiplying the 
two, total size is shown; dividing one by 
the other yields a ratio representing 
shape. Using height and transverse chest 
width, and evaluating obtained means 
and standard deviations, the two indices 
used in conjunction describe both gen- 
eral size and shape of the body. 
There is a definite, clear-cut, “high” 
correlation between this obtained num- 
ber system and subjective classifications 
of physique: Ectomorphy has high in- 
dices of body build; endomesomorphy 
low indices. However, the data at the 
lower end of the index scale could be 
grouped in two classes. For example, a 
person could be stocky for different 
reasons, muscularity or fatness, or per- 
haps a combination of both. This rela- 
tionship is not revealed by any known 
index, including the Rees-Eysenck index. 
These authors, and others, contend how- 
ever, that the fat-muscle ratio of phy- 
sique is not a stable factor. Damon and 
Goldman (1964), on the other hand, 
evaluated 10 densitometric equations in- 
clusive of anthropometric measures and 
found the best predictors to be triceps 
and subscapula skinfolds. Brozek (1963) 
has emphasized the importance of more 
detailed study of internal body structure 
and function as these relate to variations 
among constitutional types. 
Among the commonly used ratios is 
height 
the ponderal index, Ñ weight, a formula- 
tion that gained more acceptance than 
others. Height, of course, varies little 
after maturity, and the use of the 
3J weight as the denominator assures 
i small deviations in body state will 
be represented by a change of rated 
ition i lation distribution. 
position in the populatic 
The ponderal index is also a central 
part of the Sheldonian rationale. In 
this schema a 5-year interval age 2 
has been constructed. By calculation o 
the ponderal index used as a pain 
referent, a given body type may be 


“identified.” There is usually a range of 
possible somatotypes as a function of 
age for a given ponderal index, except at 
the extremes of the distribution. Care- 
ful analysis of Sheldon’s (Sheldon et al., 
1940) tables, however, reveals a general 
lack of differentiation of somatotype by 
the ponderal index, which, at best, serves 
only as a gross guideline for subjective 
ratings. If a body type, as rated by the 
viewer, does not agree with the body 
classification table, the rating must be 
recalculated. Since the somatotype must 
be “rescored” and made consistent with 
the ponderal index, the established rela- 
tionship is circular. With license to 
change interpretation, post hoc, reli- 
ability of prediction may be expected to 
closely approximate unity, and it does. 
In spite of these, and other technical 
embarrassments, no valid argument can 
be raised against the central idea of a 
taxonomy for physique at any level in 
the phylogenetic scale, nor against the 
utility of such taxonomies as convenient, 
though arbitrary, generalizations. 

One problem which has limited the 
use of indices also has limited the use 
of objective methods of classifying 
physique as well, that is, identifying the 
most appropriate constitutional vari- 
ables. For this purpose, factor analysis 
was first used as an analytic method in 
physical anthropology by Spearman 
(1927). But in his factor-analysis pro- 
grams no suitable procedures were in- 
cluded for determining the amount of 
information independently contributed 
by any given measure or ratio of meas- 
ures. Factor analysis as refined by 
Thurstone (1940) utilized statistical 
theory and techniques not available to 
Spearman. Thurstone (1946b) evalu- 
ated data originally obtained by Ham- 
mond (1942) and applied factor-anal- 
ysis methods to the intercorrelations of 
12 anthropometric measurements. By 
rotation of the axes these were shown 
to yield a simple structure of four 
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factors: head size, trunk size, or girth, 
and extremity size. The length and 
girth factors were also correlated with 
each other (.38), but the other two 
variables seemed to be relatively in- 
dependent. Thurstone perceived the dis- 
tribution of body types as a continuum 
and ended his work by disavowing be- 
lief in discrete types. Of course, anatom- 
ical dimensions are not necessarily 
distributed according to a number of as- 
sumptions underlying probability statis- 
tics in general. More recent improve- 
ments in analytic methods are likely to 
advance the development of statistical 
physical anthropology. 

When somatotyping was done by 
Sheldon’s method, and by direct meas- 
urement as well, on 154 Oxford men, 
16-20 years of age, Parnell (1954a) 
found that 90% of the ratings corre- 
sponded within .5 unit or better. For a 
further study, 292 male Oxford under- 
graduates were used to validate the de- 
viation tables against photoscopic rat- 
ings. It was found that 87.3% of the 
ratings were correct within .5 unit, al- 
though there was a tendency to rate 
mesomorphy lower by about .2 unit with 
the photoscopy method. Lindegard’s sys- 
tem (1953, 1956) should also be con- 
sidered in this context as already men- 
tioned. 

There are specialized studies of dis- 
tribution extremes such as those by Du- 
pertuis (1950), Howells (1951, 1952), 
and Liu (1952) about which a word of 
caution is offered. The method and prac- 
tice of comparing group extremes have 
poe disadvantages and should be 
eae ea, For example, the proper sta- 
ber al universe is the sample data which 

Y, as distributions, be shown to have 
very different properties from extreme 
measures. This means that generaliza- 
tion from exotic, nonrandom samples-of- 
samples to the larger population is virtu- 
ally impossible. This practice imposes 
unnecessary limitations which abrogate 
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the apparent convenience of selecting 
extremes for experimental study. 

Dupertuis (1950) selected three groups 
of 10 members each in the three extreme 
somatotypes from the general New York 
City, male, 21-25 year old population. 
He attempted to distinguish among the 
subjective ratings of the three groups 
by physical measures. Using the means 
of his measurements he found that ecto- 
morphs were easily differentiated from 
the other two groups. Endomorphs and 
mesomorphs differed mainly in trunk 
diameters and circumferences. Head, 
face, body, and limb lengths failed to 
delineate these groups to a significant 
degree. Dupertuis then concluded that 
extreme anthropometric measurements 
were only “moderately” successful in 
identifying differences among extreme 
somatotypes and thus would be of ques- 
tionable value in differentiating the mid- 
range and closely related somatotypes. 
Although there are technical problems 
associated with comparative samples 
composed of extremes, this outcome did 
not contradict Thurstone’s conclusion 
suggested by factor analysis of anthro- 
pometric data. 

Howells selected five men from each 
of the extremes of Dupertuis’ groups 
and subjected their data to factor analy- 
ses. He was able to identify three fac- 
tors which did not correspond to Shel- 
don’s three major components: padding 
between the skin and bones, top heavi- 
ness versus bottom heaviness, and trunk 
circumference development versus limb 
development. He concluded that a 
morphs and endomorphs were indis a 
guishable through anthropometric me a 
urement alone. However, these da el 
probably not appropriate to this r 
eralization since differences could S 
in the remainder of the distributions no 
pees prime questions are still igs 

luation of the somatotype 
the eva hether any nes 
been exhausted and whe 
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ther refinements in somatotyping will 
increase the correlations with psycho- 
logical, physiological, and pathological 
states. Even without resolving these 
questions the presumed somatotype use- 
fulness can be increased by merely re- 
ducing the time, effort, and equipment 
necessary to obtain reliable estimates of 
somatotype. This, of course, was one 
reason for devising body indices: Par- 
nell’s system, the use of factor analysis, 
and application of other types of sta- 
tistical analysis of which the work of 
Damon et al. (1952, 1958, 1962) rep- 
resents a recent attempt. These methods 
were used to introduce greater objec- 
tivity into somatotyping as well as the 
simplification of the total procedure. 
A more complete and systematic dif- 
ferentiation among anthropometric rep- 
resentations of fat and muscle would, 
of course, increase the predictability of 
mesomorphy and endomorphy as they 
are subjectively rated. These two meas- 
ures are the least accurately predicted 
of the three major somatotype cate- 
gories. Clearly, not all possible analytic 
statistical avenues have been utilized, 
especially the analysis of body constel- 
lations and the degree that these may 
predict subjective ratings. It is sug- 
gested that further advances can be 
made, not only by the examination of 
internal body form, and physiological 
phenomena and function, but by a re- 
examination of statistical effects through 
more advanced procedures. 
Taxonomists, it seems, may be clas- 
sified in a general way as subjective or 
objective systematizers. Historical proc- 
esses and propensities for preferring one 
approach to the other have led to un- 
necessary conflicts which, in effect, 
could be resolved by simple compro- 
mises. Those who prefer direct measure- 
ment of physical variables tend to claim 
precedence in the name of objectivity 
since it is difficult to deny the tape 


measure, anthropometer, and scales. 


Those who classify by standardized 
perceptual techniques claim precedence 
by asserting that the eye can discrimi- 
nate among variables not easily re- 
corded by available mechanisms for di- 
rect measurement. But either group, in 
effect, supports the principles put for- 
ward by the other since the “subjec- 
tivists” resort to direct measurement in 
order to defend their taxonomies and 
the “objectivists” compare their con- 
structs with the subjectivist’s systems, 
thus, each one “validating” his concepts 
by resorting to the other. The psycholo- 
gist is not surprised to observe that 
there is a far greater-than-chance cor- 
relation between the taxonomies of the 
two groups. But both groups must con- 
sider that the most effective system will 
probably be devised by those who find 
some way of integrating the best skills 
of each. 


PHYSIQUE, BIOMECHANICAL PER- 
FORMANCE, AND OCCUPATION 


Clearly, the next important concept, 
once the possibility of classifying phy- 
sique has been established, is whether 
physical structure and function are re- 
lated. Common experience demonstrates 
a close relationship among the more ob- 
vious characteristics of structure and 
behavior. But general knowledge of this 
interaction could be greatly extended. 
This topic may be studied in several 
ways among which are observations of 
relevant physiological variables, the dy- 
namics of biomechanics, and the mani- 
festation of performance in the more 
diffuse behavioral endeavors of recrea- 
tion and occupation. A topical bibliog- 
raphy has been assembled by Hansen, 
Cornog, and Hertzberg (1958). Never- 
theless, the literature on the relation- 
ship of physique to performance and 
occupation is not extensive nor experi- 
mentally adequate. More reliable and 
valid studies will be appreciated and 
used. 
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There is, Edwards (1960) stated, a 
physiochemically determined upper-limit 
asymptote for muscle strength per unit 
of cross-section area. He predicted a 
curve for strength which he said should 
be followed more closely by persons who 
were nearest to their maximum poten- 
tial development. Highly trained weight 
lifters performed as predicted “quite 
well,” novice lifters “slightly,” while the 
general population failed to approximate 
the predicted curve. Performance scores 
obtained from novice weight lifters, re- 
gional champions, and various world 
record holders were also compared. 
Champions and record holders repro- 
duced the expected data except for the 
heavyweights whose fat was not found 
to be a detriment to performance. In 
measurements of fine movements, A. 
Jones (1957) found that obese and non- 
obese were not differentiated on all 
tasks. 

Eleven extreme endomorphs, 11 ex- 
treme mesomorphs, and 7 extreme ecto- 
morphs were examined by Liu (1952). 
He measured the muscle cross section in 
the upper arm and the dynamometric 
strength of the arm. The mesomorphs 
were stronger, absolutely and relatively. 
Ectomorphs and endomorphs were al- 
most the same, provided the results were 
corrected for over- and underweight. 
Without this correction, the obtained 
arm values were: mesomorphs, 8.487 
kg/cm?; ectomorphs, 8.012 kg/cm?; 
and endomorphs, 7.513 kg/cm?. Re- 
marks about the use of statistical ex- 
tremes have already been made (also 
see Roberts, 1953: Roberts et al., 1959). 
cue keg Springfield College male 
fo T S, 20-26 years old, Clarke (1954) 

und that the girth of the flexed-tensed 
arm was highly related to arm strength 
criteria, He (Clarke, 1957) also tried 
to relate anthropometric measures to 
physical performances involving trunk 
and legs. Clarke et al. (1961) associ- 
ated somatotype with skeletal maturity, 


structural characteristics, and muscular 
strength. Their subjects were 259 boys, 
37 for each year, aged 9-15 inclusively. 
Both types were classified into five 
groups according to predominance of 
endomorphy, mesomorphy, endomeso- 
morphy, and balanced or midrange 
types. Endomorphs and  endomeso- 
morphs were largest in several torso 
and extremity girth measures. Meso- 
morphs were highest in both gross and 
relative strength and in muscular en- 
durance. Ectomorphs and midrange 
types followed somewhat the same pat- 
tern. Sitting height, leg length, classifi- 
fication index, and lung capacity showed 
no differences among the groups. For 
their chronological age a significantly 
greater number of endomesomorphs 
were physically advanced than were re- 
tarded. The reverse was true for the 
midrange types. 

Everett and Sills (1952) obtained 
scores and ratings from 400 subjects 
and related strength to stature, somato- 
type components, and anthropometric 
measurements. These subjects, ranging 
in age from 14 through 29, of whom 
94% were under 20 years of age, were 
all classified by the Sheldonian somato- 
typing method. Weight, height, hand 
width, and mesomorphy were the most 
influential variables in the prediction of 
hand-grip strength (also see Sills & 
Mitchem, 1957; Tanner, 1952). A 

A longitudinal study of 89 boys a7 
87 girls was conducted by Jones (1947, 
1949) who recorded growth data semi- 
annually from the time each person ji 
11 years old until each reached 17 he 
and 6 months. Strength was akan 
highest with weight, next highest o 
a combination of height and mes 

ith endomorphy, 
morphy, not at all with e ae 
and inversely with ectomorphy. RE 
multiple correlation of these v S 
tors contrasted with ezperen indi 
training factors in determining 
vidual differences 1n strength. 
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Using 18 male and 18 female college 
students, Caldwell (1964) discovered 
that endurance was not significantly 
different among subjects when indi- 
vidual differences in strength were sta- 
tistically held constant. However, when 
relative load was increased from 25% 
to 100% of maximum strength, rate of 
response endurance decreased from 252 
seconds to 2 seconds. His six anthropo- 
metric referents were height, weight, 
upper and forearm lengths, and upper 
and forearm girths. Unlike other work- 
ers (Clarke et al., 1961), Caldwell dis- 
tinguished between strength and endur- 
ance. 

Within the 18-50 age range Looka- 
baugh (1937) predicted the total po- 
tential strength of adult males from 
their skeletal build; Roberts et al. 
(1959) showed a clear relationship be- 
tween arm strength and body size, and 
among limb dimensions, especially arm 
girths. 

In a review of occupational anthro- 
pology including 99 references, Damon 
and McFarland (1955) conclude with 
Simonson (1947) that exhaustive stud- 
ies of the correlates of constitution are 
pertinent to industrial research. Al- 
though their analyses showed some 
relationship between occupation and 
physique, this was not consistently asso- 
ciated with physical expenditure. How- 
ever, in other research involving 100 
workers in an eastern factory, Garn and 
Gertler (1950) found that when work- 
ers were compared with a subgroup of 
20 research workers from the aa 
roup, the researchers were more acto- 

eee than the total group by 45% 
to 23%. They conclude that selection 
of occupation is partially related to 
strength requirements and temperamen- 
tal correlates of body type. 

Bus and truck drivers tend to be en- 
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and McFarland (1955) “heavy vehicle 
driving is a job of, if not for, the meso- 
morph low in gynandromorphy, and that 
the best drivers are even more meso- 
morphic [p. 734].” Similarly, aviators 
tend to be predominately mesomorphic, 
and again, success is related to degree 
of mesomorphy (Damon, 1955; Mc- 
Cormack, 1947; McFarland, Graybiel, 
Liljencrantz, & Tuttle, 1939). 

The accumulated evidence suggests 
there is a greater-than-chance corre- 
spondence among body classification 
systems and that, in turn, these systems 
can be statistically associated with a 
wide variety of events. However, the 
degrees of relationship established are 
highly variable and are sufficient for 
only limited decision making. 


REMARKS 


Examination of the literature shows, 
in general, that the statistical methods 
and techniques commonly used for rep- 
resenting the several taxonomies and for 
analysis of the anthropometric data lag 
behind the “state of the art.” For ex- 
ample, most studies do not employ 
multivariate-analysis techniques, such as 
discriminate analysis, canonical analy- 
sis, stepwise, inductive regression analy- 
sis, and others. The greater analytic 
power of these techniques allows for 
more definitive handling of complex 
data than has been possible heretofore. 
Furthermore, the greater sensitivity of 
these techniques generally results in iso- 
lating effects not hitherto noticed, and 
in the cases of the more complex corre- 
lation techniques, revealing relationships 
of higher correspondence among related 
variables than previously have been ob- 
tained. The assumption is that anthro- 
pometric data, the most stable founda- 
tion for taxonomies of physique, are 
probably more highly associated among 
themselves and with other variables 


domorphic-mesomorphic and degree K 
success is associated with degree o 
mesomorphy. In the words of Damon 


than has been reported. 
This does not imply that the avail- 
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able taxonomies are sufficient since it 
is clear that many interacting variables 
such as muscle and fat simultaneously 
incorporated in body circumference 
measures fail to differentiate among 
physiques that are indeed very different. 
The failure to account for the influences 
of nutrition upon body conformation is 
another embarrassment to system build- 
ing. But the point made here is that 
taxonomies dependent upon physical an- 
thropometric data are by no means at 
the end of their development. Obvi- 
ously, as these schema incorporate more 
variables, such as measures of internal 
body organs, physiological factors, and 
biomechanics, the predictive capacity of 
the systems will increase. So the sug- 
gestion is that modern statistical tech- 
niques coupled with more differentiated 
taxonomies will result in an increase 
of statistical concordance among many 
variables, and hence in general useful- 
ness in many areas of decision making. 
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REFLECTIONS OF THE RETIRING EDITOR 


HARRY HELSON 
Kansas State University 


Once every 6 years the editors of 
APA journals may, upon assuming their 
office, print statements of policy and/or 
upon retiring may, as in the Apologia 
pro vita sua of the late Cardinal New- 
man, seek to justify their ways (toward 
contributors). There is, of course, noth- 
ing to prevent an editor from speaking 
his piece any time during his incum- 
bency, for editors have freedom to 
publish or not to publish anything they 
see fit. Granting that absolute power 
may, but does not have to, corrupt, 
there is no other way in which men of 
the desired caliber can be gotten to 
labor day in and day out, Saturdays, 
Sundays, holidays, birthdays, anniver- 
saries, and sundry other days, not ex- 
cepted, as editors of journals. For the 
job of editing a journal knows neither 
length nor kind of day. This power, 
especially in the case of journals which 
are considered to be “quality,” where 
merely to publish an article impresses 
Deans and Presidents, is one to be ex- 
ercised with the utmost objectivity and 
restraint. The power to deny publica- 
tion of whole articles or Parts thereof is 
literally the power of life or death not 
only to individuals but also to facts 
points of view, theories, movements, 
eas? areas, and ideas. No wonder 
se Ors and their anonymous consultants 
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Every contributor, with few excep- 
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trifling, tenuous, or weak the publica- 
tions in an area may be, the one who is 
immersed in that area finds it solid, 
substantive, and satisfying, or he would 
not take the time and effort to write 
about it. 5 

I have mentioned balance and fair 
sampling as considerations in publishing 
a journal that is open to all areas of 
psychology. There are others which are 
even more important both to readers of 
the journal and the progress of psy- 
chology which have little or no appeal 
when they affect the individual con- 
tributor adversely. Sometimes, rarely to 
be sure, but occasionally, an article is 
published that seems to violate the 
editorial policy of the journal, and this 
is because some larger consideration is 
involved. Among such considerations 
are the possibility of inciting others to 
work in a new area, originality or fresh- 
ness of treatment, stand-out quality, or 
paucity of material in the area rep- 
resented by the article. The reverse side 
of the coin concerns rejection of articles 
because of a plethora of contributions 
in a given area, pedestrian treatment, 
or unsuitability in a learned journal. In 
the latter connection it may be pointed 
out that what is perfectly good and 
proper for a chapter in a textbook or for 
layman’s consumption in a seminar 
may be wholly out of place in a learned 
journal cramped for space. Suitability 
for publications, balance of areas and 
topics, and amount of space available 
concern matters that only one having an 
overall view can properly assess, and 
here the advantage lies with the editor 
rather than with the writer of a single 
article. A 
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ce over the editor’s and his con- 
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other interpretations and to point out 
weaknesses in his point of view, but to 
deny him the privilege of presenting 
his theory in print is to suppress ideas 
which, baldly, is a form of book burn- 
ing. Much as this editor has been 
opposed to certain approaches, points 
of view, theories, and interpretations, 
he has never been responsible for their 
deletion from any contribution. Criti- 
cisms of authors’ interpretations have 
been passed on to them and, if the 
article was otherwise acceptable, it was 
left to them whether or not they 
changed their interpretations. After all, 
authors have rights and the right to ex- 
plain his data is one of the most sacred 
the scientist possesses. Let no editor 
infringe it. Advances in -science come 
only through new theories, new inter- 
pretations, new ideas. 

Only in the case of ad hominem argu- 
ments has this editor insisted that con- 
tributors modify their remarks. Criti- 
cisms, rebuttals, and counterrebuttals 
should be addressed to facts, ideas, and 
problems, not to persons. Nor does snide 
innuendo have any place in scientific 
writing. 

On the whole, editing Bulletin for 6 
years has been a rich and rewarding 
experience. Apart from having been ac- 
cused a few times of this or that by 
members of APA (not always con- 
tributors) my relations with contribu- 
tors, Central Office personnel, and others 
have been friendly, often cordial. I shall 
miss the contacts being editor has 
afforded me but I shall not miss the 
mountain of manuscripts, letters, and 
sundry materials that used to greet me 
after an absence of more than a few 
days from my duties. So “Hail and 
Farewell” ye authors, whether your con- 
tributions have been accepted or re- 
jected, and may you all remember me 
kindly and with sympathy, if you re- 
member me at all! 


ge 


"7 


fy 


Fore 


Pa 


